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I.  On  Fallible  Measures  of  Variable  Quantities ,  and  on  the  Treat- 
ment of  Meteorological  Observations.  By  G.  H.  Darwin, 
M.A.,  Fellow  of  Trinity  College,  Cambridge* . 

F  we  make  any  observation,  for  example  the  transit  of  a 
star,  a  definite  numerical  result  is  obtain(!d.  To  say  that 
that  result  is  liable  to  errors  of  observation,  is  only  correct 
from  one  point  of  view.  It  is  true  that  the  result  "does  not 
really  correspond  with  the  time  at  which  the  star  crossed  the 
meridian,  yet  it  is  an  accurate  representation  of  a  certain  very 
complex  event.  Undoubtedly,  the  principal  feature  in  that 
event  is  the  time  of  crossing  the  meridian  ;  but  there  is  also 
involved  in  it  various  jiroperties  of  the  instruments,  the  atmo-- 
sphere,  and  the;  observer  himself,  &c.  The  object  of  the  obser- 
vation is,  of  course,  to  get  a  result  which  shall  represent  that 
principal  feature,  after  the  elimination  of  the  minor  features. 
The  comparative  simplicity  of  this,  and  of  many  other  obser- 
vations, permits  us  to  unravel  the  complex  event  into  its  con- 
stituent parts,  and  to  estimate  each  numerically.  One  part 
consists  of  corrections  of  all  sorts.  But  when  all  these  have 
been  made,  there  still  remains  a  result  representing  a  complex 
event,  viz.  the  transit  of  the  star,  together  with  unknown 
properties  of  the  circumstances  of  the  observation.  These 
unknown  properties  form  the  subject-matter  of  the  theory  of 
errors  of  observation  ;  but  it  is  only  because  there  is  a  consistent 
theory  of  the  principal  j)henomenon,  that  the  most  probable 
line  of  demarcation  can  be  drawn  b(>t\veen  the  two  parts  of 
the  complex  event.  The  final  result  is  given  as  a  definite 
value  with  a  margin  of  uncertainty  in  either  direction. 

But  in  the  case  of  astronomical  observations  there  is  com- 
*  Communicated  by  the  Author. 
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plete  certainty  that  we  cannot  have  affected  the  principal 
event  in  any  way  by  the  method  of  observing.  In  experiments, 
however,  it  is  impossible  to  imitate  exactly  the  proposed  con- 
ditions ;  so  that,  even  when  corrections  have  been  applied,  and 
when  we  can  estimate  the  degree  of  uncertainty  in  the  method 
of  observing,  there  remains  another  sort  of  uncertainty,  "sdz. 
as  to  the  closeness  with  which  the  proposed  conditions  were 
imitated  ;  that  is  to  say,  the  principal  event  is  rendered  un- 
certain and  complex. 

The  case  of  experiments  graduates  into  that  of  obsen'ations 
of  natural  phenomena,  where  we  have  no  control  over  the  dis- 
turbing causes,  and  have  no  opportunity  of  slightly  altering 
the  conditions. 

The  line  of  demarcation  between  the  principal  event,  whose 
laws  are  to  be  determined,  and  the  disturbances,  here  becomes 
still  more  undefined.  And  where  we  are  still  groping  after  a 
law  of  the  phenomena  (as  in  the  case  of  meteorology)  it  is 
unknown  what  is  to  be  classed  as  the  principal  event  and  what 
as  disturbances.  It  is  like  looking  at  a  series  of  irregular 
waves  with  ripples  of  various  sizes  on  their  surface  ;  until 
some  law  in  the  fonnation  of  the  waves  is  discovered,  it  is 
unknown  how  large  a  ripple  may  be  neglected  in  the  discovery 
of  that  law.  Nevertheless  the  only  chance  of  discovery  seems 
to  be  to  neglect  the  ripples  by  some  arbitrary  rule,  and  to  ex- 
amine the  main  features  of  the  series  of  waves. 

The  problem  of  how  best  to  combine  a  number  of  discon- 
tinuous observations  into  a  continuous  law,  so  as  to  give  a 
general  representation  of  them  after  disturbances  due  to  falli- 
bility of  measures,  runs  of  chance  (as  in  statistics),  &c.  have 
been  set  aside,  is  one  that  constantly  presents  itself  for  solution  ; 
and  a  rational  and  methodical  treatment  can  hardly  fail  to  be 
of  value. 

The  most  frequent  occasion  for  the  solution  of  the  problem 
arises  from  the  necessity  of  drawing  a  curve  passing  close  to 
the  extremities  of  a  number  of  ordinates  ;  and  the  usual  way 
of  solving  it  is  to  draw  a  curve  without  abrupt  changes  of 
curvature  as  close  to  the  points  as  possible.  If  the  changes  of 
curvature  are  abrupt  enough,  the  curve  may  be  made  to  pass 
exactlythrough  the  points  ;  but  then  each  observation  is  treated 
as  exact,  and  we  have  exactly  the  case  of  the  series  of  waves 
with  ripples  on  th(^m.  But,  by  what  precedes,  it  appears  that 
we  had  better  omit  the  ripples  ;  and  the  question  remains  as  to 
how  far  we  are  justified  in  smoothing  down  the  curve.  This 
process  of  smoothing  is  often  done  by  the  free  hand  ;  but  it 
will  probably  be  don_^  l)etter  by  a  system  ;  and  it  will  be  an 
additional  advantiige  if  the  system  admits  of  arithmetical  as 
well  as  graphical  application. 
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In  those  cases  in  which  an  algebraic  law  can  be  assigned, 
to  which  the  ordinates  ought  to  conform,  the  best  method  of 
treating  the  problem  is  to  determine  the  constants  involved  in 
the  function  by  the  method  of  least  squares  ;  but  it  might 
often  be  not  worth  while  to  carry  out  this  process,  as,  for  ex- 
ample, where  the  deviations  of  the  various  observations  from 
the  law  are  large,  and  where  it  would  accordingly  be  pedantic 
to  assign  values  to  the  constants  with  precision. 

Where  the  law  is  unknown  and  the  observations  are  equi- 
distant, a  method  of  treatment  might,  perhaps,  be  devised  by 
the  assumption  of  some  form  of  function  containing  fewer 
constiints  than  the  number  of  given  points,  and  consisting  of 
a  number  of  simple  harmonic  terms,  none  of  which  go  through 
a  large  fraction  of  their  period  in  passing  from  one  ordinate  to 
the  next.  The  constants  involved  might  then  be  determined 
by  the  method  of  least  squares,  so  that  the  function  should 
give  the  best  representation  of  the  observations.  But  the  as- 
sumption of  the  form  of  function  would  be  arbitrary,  and  the 
process  very  laborious. 

On  the  whole  it  will  be  more  convenient  and  equally  satis- 
factory, as  far  the  result  is  concerned,  to  proceed  empirically 
from  the  first,  remembering  that  the  main  object  is  to  exclude 
ripples  of  short  period. 

The  method  here  suggested  is  one  which  I  believe  is  used 
in  some  form  or  other  by  meteorologists  ;  but  I  am  not  aware 
that  its  merits  have  been  discussed,  or  that  it  has  been  extended 
to  the  smoothing  of  surfaces  and  of  functions  of  three  or  more 
independent  variables,  as  I  here  pro])ose  to  do*. 

E)npincal  Rule. — The  observations  are  supposed  to  be 
equidistant  and  to  be  functions  of  only  one  independent  vari- 
able. The  method  may  be  most  easily  explained  geometrically, 
and  the  transition  afterwards  made  to  its  arithmetical  equi- 
valent. It  will  be  convenient  also  to  speak  of  the  deviations 
of  the  several  observations  from  the  principal  part  of  the  com- 
plex event  which  those  observations  represent  as  errors. 

It  is  proposed  to  substitute  for  each  pair  of  consecutive 
points  A,  B,  a  point  P  which  bisects  the  straight  line  A  B. 
The  points  P  then  lie  on  a  series  of  ordinates  halfway  between 
the  original  ones. 

If  the  errors  of  A  and  B  are  of  opposite  sign,  P  is  a 
better  point  than  either  of  them  ;  if  they  have  errors  of  the 

*  Since  this  paperhas  been  in  the  hands  of  the  printer,  I  have  leanit 
that  M.  Schiapparelli  has  written  a  work  entitled  Sul  modo  di  ricamre  la 
vera  expresaiune  ddle  letjc/i  delta  natura  dalle  curve  empiriche ;  (Milan,  1867), 
and  that  M.  I)e  Forest  has  written  on  the  subject  in  the  'Annual  Reports 
of  the  Smithsonian  Institution '  for  1871  and  1873,  and  in  the  '  Analyst 
(Iowa)  for  May  1877. 
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same  sign,  P  will  be  better  or  worse  according  to  the  direction 
of  the  curvature  of  the  curve.  But  if  the  rate  of  change  of 
curvature  of  the  curve  is  small  (as  it  must  be  assumed  to  be 
to  justify  the  smoothing  process),  P  is  very  little  better  or 
worse.  Now,  as  on  the  average  the  series  of  points  deviate 
as  often  to  one  side  as  to  the  other  of  the  curve,  there  clearly 
will  be  on  the  average  an  improvement  in  accuracy  from  the 
substitution  of  P,  whilst  there  will  certainly  be  less  abrupt 
changes  of  curvature  in  a  curve  passing  through  P  than  through 
A  B.  Where  the  points  already  lie  on  a  fair  curve  with  no 
contrary  flexure,  the  chance  is  rather  more  than  even  that  there 
will  be  a  loss  of  accuracy  of  representation,  because  the  sub- 
stituted points  all  lie  on  the  same  side  of  the  given  ones,  and 
the  only  case  where  there  is  improvement  is  where  all  the 
errors  have  one  particular  sign,  and  are  not  very  small.  The 
process  of  smoothing  must  then  be  applied  cautiously,  and  es- 
pecially at  maximum-  and  minimum-points. 

If  the  points  P  do  not  lie  on  a  fair  curve,  the  process  may  be 
applied  again  in  part  of  the  series  or  along  the  whole  line  ;  but 
when  once  our  judgment  leads  us  to  think  that  the  curve  is 
smooth  enough,  every  succeeding  operation  tends  to  spoil  the 
representation. 

Analytically  the  process  may  be  stated  as  follows: — 
If  j/y,  yi,  'i/o,  &c.  be  the  successive  given  ordinates,  and  if  <^ 
indicates  a  single  smoothing  operation,  so  that  0?/j  indicates 
the  substituted  ordinate  corresponding  to  the  abscissa  .r  ;  then 
clearly  H^  =  K!M+y^-i), 

and  generally  ,„^   _/E''  +  E"H" 

It  is  clear  that  an  odd  number  of  operations  will  leave  us 
with  points  on  ordinates  halfway  between  the  original  ones, 
whilst  an  even  number  will  leave  us  on  the  original  ones. 
There  is  a  practical  advantage  in  proceeding  by  two  opera- 
tions at  a  time,  because  it  is  not  then  necessary  to  draw  the 
intermediate  ordinates,  and  because  a  double  operation  has 
a  very  simple  geometrical  and  analytical  meaning. 
From  the  above  formula, 


*^'j.=\{<j.^'-''^''='\ 


If  in  the  figure  MA,  N  B,  QC  are  the  three  ordinates  y^_), 
3/j,  y^+ij  then  N/>  =  ^(y.r+i +?/a,_i),  and  P,  which  bisects  B6, 
is  the  point  to  be  substituted  for  B. 

The  practical  rule  of  construction  may  be  stated  thus : — 
Let  A,  B,  C,  (fee.  be  the  given  points ;  join  every  point  to 
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that  next  it  and  next  but  one  to  it.  Then  the  points  to  be 
substituted  bisect  the  intercepts  Bb,  Co,  &c.  in  P,  S  &c.  If  the 
curve  which  may  bo  drawn  through  P,  S  etc.  still  seems  too 
sinuous,  repeat  the  operation. 


M  Jsr  Q  v^  AV 

The  arithmetical  application  of  this  process  is  obviously  very 
simple;  for 

<^V*  =1/^  +  4  {yx- 1  -  2.y^  +  yx+ 1 } 

and  therefore  the  correction  to  be  applied  to  any  ordinate  j/x  is 
is  iA^^y^.,. 

We  can  see  how  it  is  that  this  process  tends  to  improve  the 
curve.  The  observed  or  given  values  of  the  function  consist  of 
two  parts,  the  first  representing  the  principal  event  or  wave 
whose  law  of  variation  is  to  be  found,  and  the  second  the  errors 
or  ripples  which  are  to  be  eliminated.  Now  the  observations 
are  supposed  to  be  so  close  as  not  to  admit  of  very  large  dif- 
ferences between  the  successive  values  of  the  jjrincipal  event  ; 
and  therefore  their  second  differences  will  be  small.  On  the 
other  hand,  the  errors  will  be  some  positive  and  some  nega- 
tive ;  and  therefore  their  second  differences  will  be  very  irre- 
gular, and  probably  much  larger  on  the  whole  than  the  errors 
themselves.  The  second  differences  of  the  observed  values  are 
the  sums  formed  by  the  addition  of  these  two  sets  of  second 
differences  ;  and  the  justifiability  of  the  process  depends  on 
the  assumption  that  the  increase  of  the  latter  will  be  sufficient 
to  render  the  diminished  values  of  the  former  insignificant  by 
comparison.  We  thus  obtain  a  series  of  quantities  which  de- 
pend principally  on  the  errors,  except  in  case  the  errors  are 
small,  or  in  case  of  a  run  of  luck  in  the  signs  and  magnitude 
of  the  errors,  such  as  to  make  them  apparently  conform  to  law 
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and  thus  present  small  second  differences.  Now  the  proposed 
corrections  to  the  various  observed  values  aie  the  quarters  of 
this  series  of  quantities ;  and  thus  in  all  probability  our  correc- 
tions depend  principally  on  the  errors.  The  process  is  there- 
fore justifiable  unless  the  points  already  lie  in  a  smooth  curve. 
The  rough  criterion  of  the  applicability  of  the  smoothing  pro- 
cess is  that  the  second  ditferences  of  the  observed  values 
should  not  appear  to  conform  to  any  law. 

Every  double  operation  causes  the  loss  of  one  point  at  the 
beginning  and  one  at  the  end  ;  but  perhaps  the  best  course  is 
to  treat  the  first  and  last  points  as  exact;  and  if  the  operation 
is  repeated  more  than  twice,  the  second  and  last  but  one  as 
exact  after  one  of  these  double  operations,  and  so  on. 

Polar  Coordinates. — The  preceding  method  is  applicable 
with  equal  justice  to  the  case  of  polar  coordinates,  where  the 
ordiuates  are  replaced  by  radii  vectores. 

Irregular  Observations. — With  observations  which  are  not 
equidistant,  a  strictly  analogous  process  Avould  be  complex ; 
but  as  it  is  empirical,  a  slight  modification  will  be  permissible. 
Thus  we  may  omit  the  analogue  of  interpolation  on  interme- 
diate ordiuates,  and  only  retain  the  double  operation.  The 
intercepts  B  b,  C  c,  &c.  may  be  bisected  as  before ;  for  this  gives 
less  weight  to  observations  which  are  more  remote  than  to 
those  which  are  near,  as  it  clearly  ought  to  do. 

The  corresponding  numerical  rule  is  to  substitute  for  the 
ordinate  y^j  t^e  value 

(aV+1  —  Av)(y,-i  +1/r)  +  (.^V  — 'tV-l)(yr  +yr+l) 

where 

are  the  coordinates  of  the  three  successive  points. 

Tlie  merits  of  an  empirical  rule  like  this  must  of  course  de- 
pend on  how  it  seems  to  w^ork  practically.  I  therefore  devised 
the  following  scheme  for  testing  it.  A  circular  piece  of  card 
was  graduated  radially,  so  that  a  graduation  marked  x  was 


720  f^ 
-7=\  • 


.  e~''^dx  degrees  distant  from  a  fixed  radius.     The  card 
VttJo 

was  made  to  spin  round  its  centre  close  to  a  fixed  index.  It 
was  then  spun  a  number  of  times,  and  on  stopping  it  the  num- 
ber opposite  the  index  was  read  otf*.  From  the  nature  of  the 
graduation  the  numbers  thus  obtained  will  occur  in  exactly 
the  same  way  as  errors  of  observation  occur  in  practice  ;  but 

*  It  is  better  to  stop  the  disk  when  it  is  spinning  so  fast  that  the  gra- 
duations are  invisible,  rather  than  to  let  it  run  out  its  course. 
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tliey  have  no  signs  of  addition  or  subtraction  prefixed.  Then 
by  tossing  up  a  coin  over  and  over  again  and  calling  beads  + 
and  tails  — ,  the  signs  +  or  —  are  assigned  by  chance  to  this 
series  of  errors.  About  a  dozen  equidistant  values  of  some 
function  (say  sine  or  cosine)  wore  next  taken  from  a  Table, 
and  the  errors  added  to  or  subtracted  from  them  in  order. 
The  errors  may  be  made  either  small  or  la*'ge  by  multiplying 
them  by  any  constant.  The  falsified  values  may  then  be  fairly 
taken  to  represent  a  series  of  observations ;  but  we  here  know 
what  are  the  true  ones.  The  corrections  were  then  applied,  in 
some  cases  arithmetically  and  in  others  graphically,  and  the. 
deviations  of  the  corrected  values  from  the  true  wore  observed. 

In  other  cases  a  series  of  equidistant  ordinates  were  taken, 
and  a  sweeping  free-hand  curve  was  drawn  to  represent  the 
true  curve,  and  the  several  ordinates  of  this  curve  were  falsified 
by  the  roulette  and  then  corrected  by  a  graphical  application 
of  the  rule.  The  general  result  of  a  good  many  trials  was  such 
as  to  justify  the  smoothing  process.  Where  the  errors  were 
considerable  the  mean  error  was  much  reduced,  although  the 
actual  error  of  some  ordinates  was  increased;  where  the 
errors  were  very  small  the  mean  error  was  even  slightly  in- 
creased. Although  the  danger  of  over-smoothing  was  obvious, 
and  the  sharpness  of  the  features  of  the  curve  was  generally 
diminished,  yet  I  think  it  was  clear  that  the  method  might 
generally  be  employed  with  advantage,  especially  in  such 
cases  as  the  attempt  to  deduce  some  law  from  statistics  or  a 
series  of  barometric  oscillations  of  considerable  periods.  The 
errors  must  be  very  large  to  justify  a  quadruple  operation. 
This  method  of  trial  could  not  be  so  well  applied  to  testing  the 
case  of  an  odd  number  of  smoothing  operations,  where  we  are 
left  finally  at  intermediate  ordinates. 

On  the  whole,  I  think  the  process  is  justifiable  if  ap})li(^d 
with  caution.  Nevertheless  it  undoubtedly  tends  to  spoil  the 
results  if  applied  to  a  series  of  points  which  are  already  in  a 
sweeping  curve ;  and  therefore  1  have  tried  to  find  some  other 
process  which  should  not  have  this  disadvantage.  This  can 
only  be  done  by  taking  more  than  three  points  of  the  curve 
into  consideration ;  and  therefore  the  process  must  be  more 
cumbrous. 

The  method  pursued  was  as  follows  : — 

Let— 2,t/";  —l,y'',  0,  y;  1,  «/i;  2,  _?/2  be  the  coordinates 
of  five  consecutive  points  on  the  curve.  Suppose  them  to  be 
represented  by  a  curve  whose  equation  {st/  =  a  +  bx  +  cx^  +  dx^ ; 
and  make  the  following  expression  a  minimum,  viz. 

2(fl  +  hx  +  €.1^  +  dx^  —y)'\ 
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where  the  summation  is  made  for  the  values  of  x=—2,  —1, 
0,  1,  2,  and  the  corresponding  values  of  y.  In  other  words, 
the  values  of  a,  h,  c,  d  are  to  be  determined  by  the  method  of 
least  squares,  so  that  this  curve  shall  give  the  best  I'epresenta- 
tion  of  the  five  points. 

The  equations  for  finding  a,  b,  c,  d  are  therefore 

ha       +b1x  +cX.v^  +  d'^,v^  =  1i/, 

aXx  +b2£-  +  clx^  +  d^.v^  =  %vi/, 

fl2^2  +  bX.v^  +  c^.v^  +  d%x'  =  Xx% 

al.v^  +  hlx"  +  ct.v'  +  dXx^  =  ^xhj. 

From  the  manner  in  which  the  origin  has  been  chosen  the 
sums  of  the  odd  powers  of  x  are  all  zero,  and  Xx^  —  10, 
2.i-*  =  34,  2.i''  =  130. 

Thus  the  first  and  third  equations  arc 

5a  +  10c=  /'+y+y  +  yi-\-y-2, 
lOrt  +  34c  =  4/'  -\-y'  +yi  +  4^2; 
and  the  second  and  fourth  may  be  easily  written  down.     It 
will  be  noticed  that  the  first  and  third  equations  would  be  ex- 
actly the  same  if  we  assumed  as  the  form  of  the  equation 
y  =  a-\-hx-Y  ex''. 

Now  the  proposed  method  is  to  substitute  for  every  point  of 
the  series  of  given  points  the  intersection  with  the  ordinate 
of  that  point  of  the  curve  of  the  form  y  ■=^a-\-bx-\-co^  or 
y-^a-^-hx-^-coc' -{-doi?  which  best  represents  that  point  and  the 
two  preceding  and  two  succeeding  points.  In  the  case  we 
have  been  considering  we  are,  therefore,  to  substitute  for  the 
the  point  0,  y  the  intersection  of  this  curve  with  the  axis  of  y ; 
that  is  to  say,  we  are  to  substitute  the  point  0,  a,  because 
when  x  =  0,  y  =  a. 

Now  35a  =  - 3y''  +  12y' +  17 y  +  Uy^- 3^2 ; 

or 

«  =  2/  +  B^5  {  -y"  +  V  -  6y  +  iy,  -1/2 } 

Thus  the  correction  By,  to  be  applied  to  y,  is  —  ^-gA'^y'^. 

Hence  generally,  since  the  process  is  supposed  to  be  applied 
all  along  the  series, 

To  give  a  geometrical  meaning  to  the  rule,  it  may  be  observed 
that 

and  therefore  if  A'  be  a  symbol  denoting  the  operation  of  dif- 


itf  Vni'lable  QiiinUities. 
fereucing  with  the  oinission  of  alternate  or(lin;it<\s, 


Now  in  the  figure  let  A  F,  B  G,  C  H,  D  I,  E  K  be  any  five 
consecutive  ordinates,  and  suppose  that  it  is  proposed  to  cor- 
"rect  the  ordinate  C  H.  Then,  if  the  construction  shown  in  the 
figure  be  carried  out,  it  is  clear  that 

CP-A''(BG),  and  C  Q=  i A'*-^(A F), 

and  therefore 

rQ  =  AXBG)-iA'XAF). 

Thus  the  correction  to  be  applied  to  the  ordinate  H  C  is  ^f 
(or  very  nearly  I)  of  P  Q.  The  same  process  must  be  applied 
all  along  the  series  for  each  set  of  five  points. 

Four  points  are  lost  out  of  the  series,  two  at  each  end.  For 
example,  if  A,  B  are  the  first  two  points,  the  rule  gives  no 
substituted  points  on  those  ordinates.  The  results  obtained 
from  the  use  of  this  rule  do  not  seem  markedly  superior  to 
those  given  by  the  em})irical  method,  except  where  the  points 
lie  in  a  fair  curve;  and  as  the  rule  is  more  cumbrous  to  apply, 
it  does  not  seem  likely  to  be  of  much  practical  value. 

27ie  construction  of  a  fair  surface  near  a  number  of  points. 

The  preceding  process  may  be  extended  to  the  case  where 
the  function  involves  two  independent  variables.  The  observed 
values  may,  for  the  sake  of  clearness,  be  considered  as  con- 
sisting of  a  number  of  ordinates  standing  on  the  intersections 
of  the  lines  of  a  chess-board,  of  which  two  intersecting  edges 
are  the  axes  of  x  and  y. 

Let  [.I',  y]  indicate  the  given  ordinate  which  stands  on  the 

*  If  the  points  lie  in  a  fair  curve,  A^?/^_i -|  A'^//,_2  is  very  small,  a 
property  which  I  have  used  to  give  a  rule  of  grapli'ical  interpolation  on 
intermediate  ordinates  (see  the  '  Messenger  of  Mathematics,'  January 
1877).     Thus  in  this  case  the  correction  applied  is  very  small. 
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point  .T,  I/;  let  E,  A  be  the  operations  of  writing  a+1  for  x, 
and  of  diffei*encing  with  respect  to  a'  ;  and  let  E,  J)  he  the  like 
operations  with  respect  to  j/.  Let  ^  represent  a  single  smooth- 
ing operation  on  any  series  of  ordinates  which  are  in  a  plane 
parallel  to  x ;   and  i|r  the  same  with  respect  to  t/. 

Now  apply  a  smoothing  operation  0  to  all  the  points  pa- 
rallel to  X,  and  then  apply  the  operation  yfr  to  all  these  new 
points.  The  order  in  which  these  operations  are  performed 
is  immaterial  ;  and  the  result  is 

(l>f[x,  ?/]  = 2 2 L^',  y]  =  i  { ['^  +  i  y  +  i J 

+  Dt'  +  i  3/-i]  +  [.t— i  y +  i]  +  I'l—h  .v-i]}- 

This,  interpreted  geometrically,  means  that  we  are  to  erect  in 
the  middle  of  each  square  an  ordinate  which  is  the  mean  of 
the  four  surrounding  ordinates.     Again, 

+  [a— 1,  y-1]  +2([.«-Hl,  .V]  +  Dt— 1,  y]  +  [^^^y  +  1] 
+  [.^•,3/-l])  +  4[^,y][. 

If  the  figure  represents  any  four  squares 
of  the  chess-board  (in  which  observe  that 
nine  ordinates  stand  on  the  intersections), 
the  rule  given  by  a  double  operation  is  to 
substitute  for  the  ordinate  at  K, 

Jg  of  sum  of  ordinates  at  A,  B,  C,  D 
-I-  ^  of  sum  of  ordinates  at  E,  F,  G,  H 
-f-  ^  of  ordinate  at  K. 

It  is  clear  that  the  operations  of  smoothing  parallel  to  the 
two  axes  are  quite  independent,  and  that  there  is  no  necessity 
to  smooth  the  same  number  of  times  in  each  direction.  The 
symbolical  way  of  writing  the  operation  makes  it  perfectly 
easy  to  construct  any  desired  modification  of  this  formula, 
where  <f)  and  yfr  are  each  performed  any  number  of  times. 

The  process  may  also  be  extended  with  equal  justice  to  the 
case  where  there  are  three  independent  variables,  although 
that  case  no  longer  admits  of  geometrical  interpretation. 

Let  t  be  a  third  variable;  then,  if  the  former  notation  be 
extended,  and  if  only  a  type  of  each  form  of  term  be  written 
down  preceded  by  the  sign  of  summation,  it  will  be  found  that 

<^2^y[.r,^,«]  =  6V{2[.6-±l,y±l,<±l]+22[.r,y±l,;±l] 

+  4S[.r,y,  f±l]+8[.r,y,f]J. 
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There  are  eight  terms  of  the  first  kind,  such  as  [a"+1,  y  — 1, 
<  +  lJ  ;  twelve  of  the  second,  such  as  [x+l,'t/,  t  —  1];  six  of 
the  third,  such  as  [•»+  1,  ^,  t];  and  only  one  of  the  last,  viz. 

Application  to  Ocean  Meteorology/. — This  last  process  ap- 
pears to  me  to  be  applicable  here.  Meteorologists  have  divided 
the  ocean  up  into  squares  of  5°  of  latitude;  and  5°  of  longitude. 
The  logs  of  ships  sailing  over  those  squares  are  consulted  for 
meteorologicid  observations  ;  and  the  results  are  classified  by 
months  and  squares ;  and  the  mean  result  for  any  one  element, 
such  as  the  height  of  the  barometer,  is  taken  to  be  the  average 
for  the  middle  of  that  square  and  the  middle  of  that  month*. 
Now  it  seems  as  though  this  were  a  case  where  smoothing  is 
justifiable,  and  that  it  is  allowable  to  make  the  result  for  each 
month  depend  in  some  degree  on  its  neighbours  both  in  space 
and  time.  There  are  three  independent  variables,  viz.  latitude, 
longitude,  and  time ;  and  in  the  previous  formula  we  may 
take  these  to  be  represented  by  a;,  y,  and  t  respectively. 

Su{)pose,  for  example,  we  want  to  modify  the  mean  height 
of  the  barometer  for  any  square  e  for,  say,  February,  both 
with  reference  to  surrounding  squares  and  to  the  heights  for 
January  and  March.  Then  the  rule  for  finding  the  amended 
height  is: — Take  the  sum  of  the  heights 
for  a,  c,  g,  k  for  January  and  for  March  +  - 
twice  the  sum  of  the  heights  for  h,  d,  h,f 
for  January  and  March  +  twice  the  sum  • 
of  the  heights  for  a,  g,  c,  k  for  Febru- 
ary +  four  times  the  sum  of  the  heights  ■ 
of  b,  d,  h,  f  for  February  +  four  times 
the  sum  of  the  heights  for  e  for  January  ■ 
and  March  +  eight  times  the  height  for 
e   for   February,    and  divide  the  result  by  64. 

It  must  be  observed  that  it  is  not  necessary  that  the  smooth- 
ing should  be  carried  to  the  same  extent  for  x,  y,  and  t.  If, 
for  example,  we  wish  to  smooth  only  once  for  time,  the  for- 
mula will  be  different,  and  the  result  will  be  applicable  to  the 
beginnings  of  the  months  instead  of  the  middles.  A  knowledge 
of  the  particular  requirements  of  the  case  is  the  only  guide  to 
the  amount  of  smoothing  which  is  expedient ;  but  the  fornmlas 
are  so  easy  to  construct  that  it  does  not  seem  worth  while  to 
give  any  other  forms. 

In  concluding  this  part  of  the  subject,  I  may  mention  that 
the  proposed  processes  may  be  extended  so  as  to  allow  various 
weights  to  the  various  observations. 

Terrestrial  Meteorology. — There  are  a  number  of  observa- 
*  I  owe  this  explanation  to  Mr.  Francis  Galton. 
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tori'-'s  on  the  land  at  which  observations  are  taken  at  the  same 
hours  of  the  day  all  over  the  country;  truni  these  results,  maps 
are  drawn  showing  the  form  of  the  ''  isobars  "  for  each  day. 
After  the  observations  have  been  reduced  to  the  sea-level  and 
corrected  in  other  ways,  they  may  be  considered  as  correct, 
and  the  isobars  give  a  graphical  illustration  of  the  successive 
deformations  of  the  barometric  surface.  Land  meteorology 
serves,  then,  to  give  quite  a  dilFerent  kind  of  result  from  those 
of  ocean  meteorology.  In  the  latter  the  result  is  the  mean 
heights  of  the  barometer  at  stated  places  and  times.  The 
oceanic  barometric  surface,  as  far  as  we  know  it,  is  ideal,  and 
does  not  correspond  Avith  its  real  form  at  any  one  time.  In 
oceanic  meteorology  the  smoothing  process  seems  justifiable ; 
for  we  only  seek  to  study  the  main  features  of  the  changes. 
In  land  meteorology  this  is  not  the  case;  for  we  seek  to  dis- 
cover the  details  of  the  changes.  To  return  to  the  former 
metaphor — in  one  case  the  law  of  the  waves  is  sought,  in  the 
other  the  law  of  the  ripples. 

The  observatories  are  scattered  irregularly  over  the  country ; 
and  it  seems  probable  that  the  results  would  be  more  useful 
and  more  easily  interpreted  if  they  could  be  distributed  at 
regular  intervals  of  space.  They  are  already  regularly  distri- 
buted as  regards  time.  My  present  object  is,  then,  to  give  a 
formula  (w^hich  is,  as  far  as  I  am  aware,  new)  for  the  reduc- 
tion of  observations  scattered  irregularly,  to  regular  stations 
equidistant  in  latitude  and  longitude.  It  is  a  problem  in  in- 
terpolation of  the  ordinary  kind  where  the  ordinates  are  not 
fallible. 

The  problem  is  to  find  a  continuous  surface  passing  through 
the  tops  of  a  number  of  irregularly  spaced  ordinates ;  and  it 
may  be  solved  by  an  extension  of  Lagrange's  well-known 
formula  for  interpolation  in  two  dimensions. 

Let.rQ,?/^;  .^1,^1;  &c.  ;  a'n,  i/n  be  the  coordinates  (latitude 
and  longitude)  of  a  number  of  points,  and  let  z^,  Zi,  &c.,  Zn  be 
ordinates  (barometric  heights)  corresponding  to  these  points. 
Lagrange's  formula  suggests  the  following  as  the  equation  to 
a  surface  passing  through  the  tops  of  Tq,  Zi,  &c.,  z„. 

^_^  (-g  -^i)(^j  -!h){^  -■'C2){>j  -y-i) •  •  •  (-g  -'g«)(y  -yn) 

"O^0-'^"l)(^0-i/l)('*''o-'^2)(yo-y2)  .  •  •  (•''o-''-«)(yo-i/n) 

^  _(f _-.fo)(.!/  -//nX-^'  -^e^){y  -^2)  ■  •  •  {^^  --^'nXy  -yn) 
"^  {a:i-^o)(yi-yo){^i-^2){yi-y2)  •  •  •  (^i-^n){yi-yn) 

+  &c. 

(x  -xo)(i/  -yo)ix  -.vi){y  -//i)...(.i— ■r„-i)(y-3/„-i) 

■*'^"(^„-«o)(^„-yo)K--^i)(yn-?/i)...G*n-'^'»-iK3/«-y«-i)' 
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Then  this  formula  will  give  the  height  z  of  the  barometer  at 
any  station  whose  latitude  and  longitude  are  x,  y,  as  deduced 
from  the  heights  at  the  several  o))serving-stations.  The  ap- 
plicability of  this  interpolation  depends,  of  course,  on  the 
assumption  that  the  surface  is  not  contorted  between  the  given 
ordinates;  and  if  the  observatories  are  numerous  enough,  this 
assumption  is  jjrobably  justifiable. 

The  aj)plication  of  the  formula  would  in  general  entail  a 
great  detail  of  arithmetic  ;  but  in  the  case  of  the  reduction 
from  irregular  to  regular  stations,  the  great  mass  of  the  work 
might  be  done  once  for  all.  In  this  case  the  coordinates  of 
the  obse)-ving  stations  .r^,,  y^ ;  .r,,  r/i ;  &c.  are  the  same  day  after 
day,  and  the  coordinates  of  the  fixed  stations  x,  y  are  constant 
for  each  of  them.  Hence  the  coefficients  of  z^,  zi,  &c.  in  the 
formula  may  be  calculated  once  for  all. 

It  would  be  very  laborious  and  unnecessary  to  make  the 
heights  of  the  barometer  at  the  equidistant  stations  dejtend  on 
all  the  observatories  in  the  country;  and  it  would  be  probably 
quite  sufficient  to  make  each  one  depend  on  the  five  or  six 
nearest  observatories.  The  practical  rule  would  then  run 
somewhat  in  this  fashion  (the  numbers  })eing  purely  hypothe- 
tical):— 

Height  of  bar  at  lat.  )  =-70.^  Oxford  +  -20  Kew 

51°  long.  1°  W.      J  +  •Oi'2  Southampton  +  -002  Cambridge. 

Every  separate  point  to  which  the  reductions  were  to  be 
made  would  require  a  different  set  of  coefficients,  which  Avould 
depend  on  the  four,  five,  or  six  nearest  actual  observino--sta- 
tions. 

If  the  heights  of  the  barometer  Avere  taken  as  the  excess 
above  28  inches,  the  various  heights  need  not  be  given  to 
more  than  three  figures  ;  and  as  the  coefficients  would  pro- 
bably have  also  three  figures,  the  multiplications  mio-lit  be 
very  easily  made  by  means  of  Crelle's  Rechentafeln.  By 
these  means  the  daily  observations  might  be  very  quickly 
reduced,  and  the  results  of  each  day's  observations  "would  be 


intelligible  than  are  the  results  as  given  at  irregularly  dis- 
persed stations. 

It  may  be  noticed  that  the  same  set  of  coefficients  would 
also  be  proper  for  the  reduction  of  any  other  meteorological 
element  which  could  be  fairly  represented  by  a  surface.  The 
calculation  of  the  coefficients  would  be  rather  laborious ;  but 
if  there  is  any  real  advantage  in  thus  classifying  the  observa- 
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tions,  this  would  be  of  slight  consequence,  as  the  work  would 
be  performed  once  for  all. 

In  conclusion,  I  will  add  one  other  rule — namely,  for  inter- 
polation between  the  oceanic  meteorological  observations  when 
smoothed,  as  before  suggested.  This  is  a  formula  for  inter- 
polation in  the  case  of  a  function  of  three  independent  variables, 
the  values  of  which  are  given  at  equal  intervals,  as  is  the  case 
in  the  mean  barometer-heights  in  latitude,  longitude,  and  time. 

Let  A,  D  be  the  differences  between  successive  barometer- 
heights  in  latitude  and  longitude  respectively,  and  8  the  dif- 
ference in  time  (that  is  to  say,  between  the  values  for  suc- 
cessive months).     Then,  following  the  former  notation, 

+  2^;  AD  +  2r}TD8  +  2t|8A  } 
+  &c. 
The  proof  of  this  will  be  obvious  to  those  acquainted  with 
the  Calculus  of  Finite  Differences.  No  doubt  it  has  been 
given  before,  although  I  do  not  happen  to  have  met  Avith  it. 
This  formula  enables  us  to  pass  from  the  regular  equidistant 
values  for  the  middles  of  squares  and  months  to  those  for  any 
other  neighbouring  time  and  place. 


II.   On  the  Production  of  Heat  hy  Dynamical  Action  in  the 
Compression  of  Gas.     By  the  Rev.  J.  M.  Heath*. 

WHEN  the  equilibrium  between  the  compressive  and 
expansive  forces  in  a  given  mass  of  gas  has  been  dis- 
turbed by  suddenly  establishing  an  arbitrary,  but  finite,  in- 
equality (/)  between  them,  the  dynamical  effect  of  this 
unbalanced  force  will  be,  a  gradual  and  continuous  alteration 
in  the  volume  and  temperature  of  the  gas,  which  continues 
until  the  expansive  force,  which  depends  upon  these  two 
elements  alone,  again  becomes  equal  to  that  of  the  compres- 
sion, and  the  energy  of  the  inequality  is  exhausted.  At  this 
moment  a  new  condition  of  equilibrium  obtains,  in  which  the 
elements  p' ,  v\  t',  differ  from  their  former  values  by  determi- 
nate finite  quantities,  hp,  8r,  and  ht. 

These  quantities  will,  of  course,  satisfy  the  equation 

V  .  hp  —p'hv  =pv .  uBt, 

which  expresses  nothing  but  that  they  are  the  differences  of 

*  Communicaled  bv  the  Author. 
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two  sets  of  variables,  both  of  which  correspond  to  a  position 
of  equilibrium,  the  second  of  which  positions  may  be  any- 
whatever.  But  in  the  case  of  our  experiment,  the  second 
position  of  e(iuilibrium  is  absolutely  determinate.  The  only 
m;i<^nitu(le  arbitrarily  assumed  was  the  disturbing  force/;  and 
that  alone  has  determined  the  particular  values  of  both  Zv  and 
ht,  for  which  the  disturbance  /' first  becomes  equilibrated  and 
replaced  l)y  hp.  There  must  be,  therefore,  a  second  equation 
belonging  to  these  three  values  exclusively,  and  by  combining 
which  with  the  former  any  two  of  the  quantities  may  be 
dcitermined  from  the  knowU^ige  of  the  third.  This  equation, 
obtiiined  from  the  experiment  itself,  was  found  to  be  dv  =v.^.  dt, 
where  yS  is  a  consttint  quantity.  From  the  two  equations 
vdp—pdv=pvudt  and  pdv=pv  .^  .dt,  we  obtain  a  third, 
vdp  =pv  .  («  +  ^)dt,  which  gives  the  increment  of  temperature 
corresponding  to  a  given  increment  of  energy. 

As  an  example,  let  1  lb.  of  air  at  temperature  32°  sustain  a 
pressure  of  211(3  lbs.  to  the  square  foot,  and  occupy  a  volume 
=  12"o*J3  cubic  feet,  and  let  an  additional  weight  of /'lbs.  to 
the  square  foot  be  suddenly  put  upon  it,  whereby  it  is  com- 
pi'essed  into  a  volume  u'  and  its  temperature  is  raised  to  38°. 
The  value  of  pv  will  be  in  this  case  2Q,224i  cubic-foot  pounds. 
The  values  of  «  and  /8  now  generally  received  as  most  accurate, 
are  approximately  a="002,  /3  =  '(K)b,  and  a  +  /6?  =  *007.  Also, 
since,  when  dt  =  1°,  dv  =  'OOo  o  =  ;0(j2,  and  therefore  v'  =  12*33 1 , 
substituting  these  values,  the  equation 

V  .dp  =  (a  +  /3)  pv  .  dt 

gives  us  rc/p  =  *007  X  26, 224=:183'6  cubic-footpounds;  and 
therefore /=-007p  =  14-8  lbs.  per  square  foot,  and/ =  2130*8 
lbs.,  and y>V/y  =  132*1  cubic-footpounds. 

Therefore  an  additional  weight  of  14*8  lbs.  to  the  square 
foot,  imposed  upon  the  gas  already  in  e(|uilibrium  under  a 
pressure  of  2110  to  the  foot,  will  compress  it  through  *0(J2 
cubic  foot,  and  raise  its  temperature  by  1°  F. 

To  explain  this  result  from  thermodynamieal  principles  : — 
To  raise  1  lb.  of  air  by  1°  F.  a  quantity  of  heat  =*2375  or 
^•*,  of  unity  must  have  been  created.  And  in  this  case  vdp  or 
183*6  i§i  the  amount  of  energy  which  has  created  it.  There- 
fore f  U  X  183*6  is  the  energy  which  would  generate  one  unit  of 
heat  in  the  gas.  But  f  |{  x  183*6  =  773  cubic-foot  pounds  ; — a 
coincidence  with  the  value  obtiiincd  by  Joule  which  is  truly 
marvellous,  since  all  the  data  here  made  use  of  were  known 
long  before  the  conception  of  the  dynamical  origin  of  this  heat. 

The  whole  energy  of  the  volume  of  air  at  32°  was  in  the 
first  instance  pv  =  26224.     But  after   the   condensation  and 
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heiiting  it  is  j»'u'  =  26275,  giving  an  increase  of  51  cubic-foot 
pounds. 

In  warming  the  gas  1°  we  expended  an  energy  of  183' 6 
cubic-foot  pounds  ;  anrl  if  no  change  had  been  made  in  the 
vokime,  the  energy  of  the  warmer  air  under  the  same  volume 
would  have  been  183"6  greater  than  that  of  the  cooler.  But 
by  the  reduction  of  the  volume  by  'OiVi  there  has  been  a  loss 
of  "062  X  2130'8,  or  132'1  cubic-foot  pounds,  reducing  the 
final  gain  from  183*6  to  51,  which  was  the  actual  gain  as 
found  above. 

No  heat  has  ever  been  generated  in  a  gas  spontaneously  and 
without  communication  with  external  bodies,  except  under  the 
condition  of  the  disturbance  of  the  e([ullibrium  of  the  forces, 
as  explained  above.  As  long,  therefore,  as  the  forces  remain 
in  equilibrium  (as  they  do,  for  example,  during  the  uniform 
rise  or  fall  of  the  barometer),  any  amount  of  condensation  or 
expansion  may  take  place  without  aflPecting  the  temperature. 
This  is  contrary  to  universal  belief.  But  it  is  true  for  all  that. 
It  is  not  from  thermodynamists  that  we  should  have  expected  to 
hear  that  all  heat  is  generated  by  forces  ivhich  are  in  equilibrium 
xoith  each  other.  This  assertion,  now,  as  it  is  believed,  made 
for  the  first  time,  of  the  existence  of  what  may  be  called 
thermostatical  condensation  and  expansion,  may  be  put  beyond 
all  doubt  by  reference  to  the  two  equations  we  established  in 
the  beginning  of  this  article,  as  founded  on  experience  and 
governing  all  the  cases  where  heat  is  really  produced  dynami- 
cally.    Those  equations  Avere 

vdp  =  -001kdt, 
pdv  =  -005l-df, 
and  a  third,  which  may  be  derived  from  these  two, 
bvdp=-l2xli\ 

From  these  it  appears  that  no  heat  is  spontaneously  generated 
in  the  process  of  equilibrating  a  dynamical  disturbance — first, 
in  the  case  where  dp  =  0,  secondly  where  dv  =  0,  and  thirdly 
where  vdp=pdv,  or,  indeed,  where  vdp  equals  any  thing  else 
than  1"4  pdv.  That  is,  no  heat  is  gained  or  lost  by  the  con- 
densation or  expansion  of  a  gas  under  constant  pressure,  nor 
by  any  possible  variation  of  the  pressure  lohile  the  volume  is 
constant,  nor  by  any  variation  of  volume  and  pressure  together 
during  which  the  pressure  varies  inversely  as  the  volume. 

Lastly,  it  appears  from  these  principles  that  a  gas  may  be 
heated  during  expansion,  or  cooled  during  condensation.  The 
equation 

rdp  =  -()i)lktd. 
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which  may  bo  put  under  the  form 

dp  = '007  .p.  dt 

is  independent  of  do.  It  expresses  that  if  the  equilibrium 
of  the  forces  is  disturbed  by  a  force  of  seven  thousandtlis 
of  the  original  pressure,  the  temperature  of  the  gas  will 
vary  1°  F.  And  this  will  be  the  case  whatever  do  is,  i.  e. 
whether  the  gas  is  condensed  or  rarefied,  much  or  little. 
But  the  same  disturbing  force  produces,  simultaneously  with 
the  heat,  a  certain  amount  of  condensation.  The  equation 
dv  =  'OODvdt  proves  this.  And  if  the  gas  was  originally  not 
only  in  equilibrium,  but  also  quiescent  (that  is,  neither  in  a 
condition  of  actual  expansion  nor  of  condensation),  then  the 
effect  of  the  disturbing  force  will  be  simply  as  stated  above, 
to  condense  the  gas.  But  the  gas  may  be  in  a  condition  of 
thermostatic  expansion  (see  above),  as  for  instance  the  atmo- 
sphere about  us  while  the  barometer  is  falling  uniformly. 
If  this  expansion  enlarges  the  volume  in  a  given  time  more 
than  tlie  action  of  the  disturbing  force  condenses  it  in  the 
same  time,  the  same  rise  of  temperature  will  take  place  as 
before,  but  the  gas  will  be  rarefied.  In  this  case,  however,  the 
expansion,  as  the  fall  in  the  barometer,  will  not  be  uniform, 
but  retarded.  So  likewise,  a  gas  is  cooled  during  a  retarded 
condensation. 

We  have  shown  that  by  the  dynamic  cmj)l()ymont  of  the 
energy  {a.-\-^)pv,  the  temj)erature  is  raised  1°F.,  and  the  air 
is  condensed  by  the  quantity  ^v.  Conversely,  if  the  expan- 
sive force  is  suddenly  increased  beyond  the  compression  in 
the  same  proportion,  the  air  will  expand  itself  hj  Bv,  and  one 
degreee  of  temperature  will  be  lost  and  i^is  viva  equal  to  the 
energy  (^m  +  P)  pv  will  be  gained,  either  by  the  rising  piston 
of  the  engine,  or  the  cannon-ball   in   the   cannon.     If  this  is 

repeated    -  (=491)  times,  the  air  will  be  deprived  of  all  its 

heat,  it  will  be  expanded  by  --  of  its  volume,  and  the  cannon 

ball  will  have  acquired  vis  visa  = pv.  .    In   the   case  of 

1  lb.  of  atmospheric  air  at  32°  and  barometrical  pressure 
30  in.,  this  is  about  92,000  foot-pounds.  This  is  the  total 
energy  of  the  air,  being  all  the  dynamical  work  that  can  be 
got  out  of  it. 

All  these  consequences  of  the  dynamic  theory  of  heat,  are 
now  propounded,  as  far  as  I  know,  for  the  first  time.  No 
account  of  any  one  of  these  cases  is  given  in  any  existing 
work  on  this  subject,  nor  any  help  to  get  an  answer  to  such 
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inquiries  as  I  have  here  made.  I  therefore  submit  them 
frankly,  though  not  difidentl)/,  to  the  candid  judgment  of  those 
who  are  fjir  better  qualified  than  I  ])rctend  to  be  to  pronounce 
upon  them.  Perhaps  the  most  startling  thing  I  have  advanced 
is  that  heat  is  gained  and  lost  in  retarded  expansions  and  con- 
densations. But  I  would  ask  any  thermodynamist  how  he 
would  explain,  without  this  theory,  the  gain  and  loss  of  vis 
viva  in  the  rise  of  a  barometrical  column  fi'om  one  point  of 
rest  to  another,  that  vis  viva  being,  of  course,  the  measure  of 
the  loss  and  gain  of  heat  in  the  air  that  generates  it.  Be- 
tween two  points  of  rest  the  motion  of  the  barometer  must  be 
at  first  accelerated,  and  it  must  be  at  last  retarded  ;  and 
between  these  two  there  must  be  some  time  when  it  rose 
uniformly  and  the  forces  were  in  equilibrium.  No  vis  viva 
has  been  gained  or  lost  on  the  whole  ;  but  the  air  has  been 
all  the  while  condensing.  What,  then,  has  become  of  the  heat 
trenerated  ? 


III.  On  the  Conditions  of  Perpendicidarity  in  a  Parallele- 
jripedal  System.  By  H.  J.  S.  Smith,  F.R.S.,  Savilian 
Professor  of  Geometry  in  the  University  of  Oxford*. 

1 .  raiHE  conception  of  a  parallelepipedal  system  (i.  e.  of  a 
JL  space  divided  by  three  systems  of  equidistant  parallel 
planes  into  similar  and  equal  parallelepipeds)  may  be  regarded 
as  forming  the  basis  of  the  usually  received  theory  of  crystal- 
lography. It  is  the  object  of  the  present  note  to  state  some 
of  the  conditions  for  the  perpendicularity  of  lines  and  planes 
in  such  a  system.  Tlie  results  of  this  in([uiry  (which  has  been 
iindertaken  at  the  request  of  Professor  N.  S.  Maskelyne,  and 
owes  much  to  his  suggestions)  are  submitted  to  the  Crystallo- 
looical  Society  with  great  diihdence,  because  they  do  not 
seem  likely  to  admit  of  any  direct  application  to  the  practical 
work  of  the  crystallographer.  Such  interest  as  they  possess 
belongs  to  a  domain  which  borders  on  the  one  hand  on  pure 
arithmetic,  and  on  the  other  hand  on  pure  geometry. 

2.  It  is  perhaps  hardly  necessary  to  explain  that  by  a  ^'line 
of  the  system  "  we  understand  a  line  joining  any  two  points  of 
the  given  parallelepipedal  system,  by  "  a  plane  of  the  system" 
a  plane  containing  three  points  of  the  system,  the  points  of 
the  system  being  the  points  of  intersection  of  the  three  sets  of 
equidistant  parallel  planes  by  which  the  system  is  defined. 
It  will  be  sufhcient  to  consider  oriyiii-Vmes  and  planes,  ?'.  e. 

*  Communicated  by  the  Autlior,  liaving  been  read  at  tlie  Meeting  of 
the  Crystallological  Society,  Juue  14,  187G, 
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linos  unci  ])lanos  passing  through  a  fixed  })oint  of  the  system 
taken  as  origin. 

3.  Whenever  a  line  of  the  system  is  perpendicular  to  a 
plane  of  the  system,  the  system  has  a  certain  "  symmetry  of 
aspect"  with  regard  to  that  plane.  Let  H  be  the  plane,  and 
let  0  be  any  point  of  the  system  lying  in  it.  The  ])lanes  and 
lines  of  the' system  -which  pass  through  0  are  symmetrically 
distributed  with  regard  to  h  ;  but  the  points  of  the  system  are 
not  (in  general)  symmetrically  distributed  with  regard  to  H : 
thus,  if  OP  is  any  line  of  the  system  not  lying  in  the  plane  fi, 
and  if  OQ  is  the  reflection  of  ft  with  regard  to  the  plane  ft, 
OQ  is  a  line  of  the'system  as  well  as  OP,  but  the  points  of  the 
system  which  lie  on  OQ  are  not  (in  general)  th(^  reflections  of 
the  points  of  the  system  whicli  lie  on  OP.  Hence,  while  the 
points  of  the  system  are  not  themselves  symmetrically  distri- 
buted with  regard  to  ft,  the  directions  in  which  they  would  be 
viewed  by  an  eye  situated  at  0  are  symmetrically  distributed ; 
and  this  is  what  we  intend  to  express  by  saying  that  the  sys- 
tem has  a  "  symmetry  of  aspect "  with  regard  to  the  plane  ft. 
As  we  shall  have  no  occasion  in  what  follows  to  consider 
})lanes  of  a'osolute  symmetry,  we  shall  for  the  sake  of  brevity 
use  the  word  symmetry  in  the  sense  of  "  symmetry  of  aspect." 
Thus  any  line  and  any  plane  of  the  system  which  are  at  right 
angles  to  one  another  are  an  axis  and  a  plane  of  symmetry. 

4.  The  cases  of  synnnetry,  as  thus  defined,  which  can  present 
themselves  in  a  parallelcpipedal  system  are  four  in  number. 
There  is  (1)  the  case  of  simple  symmetry,  when  there  is  only 
one  axis  and  one  plane  of  synnnetry ;  and  there  are  three  cases 
of  triple  symmetry,  which  may  be  characterized  as  (2)  the 
ellipsoidal,  (3)  the  spheroidal,  and  (4)  the  spherical.  In  an 
ellipsoidal  system  there  are  three  mutually  rectangular  planes, 
which  are  planes  of  synnnetry ;  in  a  spheroidal  system  there 
is  one  equatorial  plane  of  symmetry,  but  every  plane  of  the 
system  at  right  angles  to  this  plane  is  also  a  plane  of  sym- 
metry ;  in  a  system  having  spherical  symmetry  every  plane 
of  the  system  is  a  plane  of  symmetry,  and  every  line  of  the 
system  an  axis  of  symmetry.  Two  simple  symmetries  cannot 
coexist  without  forming  a  triple  symmetry,  which  is  ellipsoidal 
if  the  axis  of  one  of  the  synnnetries  lies  in  the  plane  of  the 
other,  but  is  spheroidal  in  every  other  case :  three  simple 
sjnnmetries  form  an  ellipsoidal  symmetry  if  the  three  axes  are 
at  right  angles  to  one  another,  a  spheroidal  symmetry  if  one 
of  the  axes  is  at  right  angles  to  the  plane  of  the  other  two 
which  are  not  at  riglit  angles  to  one  another,  a  spherical  sym- 
metry in  every  other  ease. 

5.  Adopting  the  notation  of  the  classical  treatise  of  Pro- 

C2 
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fessor  W.  H.  Miller,  we  designate  by  a,  b,  c  the  parameters 
appertaining  to  the  three  lines  of  the  system  taken  for  the  co- 
ordinate axes ;  we  also  denote  by  X,  Y,  Z  the  angles  between 
the  coordinate  axes,  and  by  Xj,  Y^,  Zj  the  angles  between  the 
normals  to  the  coordinate  planes.  We  thus  have  for  the 
square  of  the  distance  between  any  two  points  of  the  system 
the  expression 

f(x,  y,  z)  =  a^a!^  +  }py^  +  cV  +  ^hcyz  cos  X  +  "icazx  cos  Y 

+  2ahxy  cos  Z, 

where  x,  y,  z  denote  any  positive  or  negative  integral  num- 
bers ;  and  this  ternary  quadratic  form  may  be  regarded  as  cha- 
racterizing the  given  parallelejjipedal  system.     Again,  if 

<^(^,  ,7,  ^)  =  h^e-f  sin''^  X  +  c^aV  sin'  Y  +  c?}?^  sin^  Z 

+  2rt^6(?97^  sin  Y  sin  Z  cos  X^  +  2h^ca^^  sin  Z  sin  X  cos  Yj 

+  2c^ab^7)  sin  X  sin  Y  cos  Zi, 

the  form  <j),  which  is  the  contravariant  of/,  characterizes  (in 
the  same  way  in  which  /  characterizes  the  given  system)  a 
new  parallelepipedal  system  (the  polar  system  of  Auguste 
Bravais)  in  which  every  line  is  perpendicular  to  a  plane  of  the 
given  system,  and  in  which  the  parameter  coiTesponding  to 
any  line  is  the  elementary  parallelogram  of  the  given  system 
lying  in  the  plane  to  which  the  line  is  perpendicular. 
6.  We  write  for  brevity 

/=  Aa-2  +  B^'^  +  0^2  +  2A'yz  +  2Wxz  +  2Q'xy, 
«^=Aif  +  Bi7?2  +  Ci?2  +  2A'i7;?  +  2B',^r+ 20^1^77 
(so  that  A  =  a^, ...  A'  =  6c  cos  X, ... ,  Ai  =  JJ^c^  sin^  X, . . . 
A.\=c^hc  sin  Y  sin  Z  cos  Xi, . . . ) ;  and  we  observe  that,  although 
the  five  quantities  upon  which  the  nature  of  the  parallelepipedal 
system  ultimately  depends  are  the  ratios  of  the  parameters 
a,  b,  c,  and  the  three  angles  X,  Y,  Z,  yet  the  combinations  of 
these  quantities  which  it  is  most  convenient  to  consider  in 
discussing  the  conditions  of  perpendicularity  are  precisely  the 
six  coefficients 

A,B,  C,     A',B',C', 

and  the  six  contravariant  coefficients 

Ai,Bx,Cx,     A'i,B'i,CV 
Thus  the  condition  that  the  lines  of  the  system 
X  _  y   _  3 

au       bv       cw 

^  _  y  _   3 
aui      b%\     ciL\    J 


(i) 


Perpendicularity  in  a  Parallelepipedal  System.  21 

should  be  perpendicular  to  one  another  is 


df         df  df     ^ 

du         dv  dw 


df         df         df     ., 
dill        di\        aiL\ 

the  condition  that  the  planes  of  the  system 
a         b         c 

a         0        c  J 

should  be  perpendicular  to  one  another  is 


(ii) 


^''dh^^'dk^^^'dJ-^' 

or 

dhi        dki        dli 

and  the  conditions  that  the  first  of  the  lines  (i)  should  be  per- 
pendicular to  the  first  of  the  planes  (ii)  may  be  written  in  one 
or  other  of  the  equivalent  forms 


\dn)  _  \dv)  _  \dw} 
h      ~     k      ~      I 

/#\       /#\       /#\ 
\dli)      \dk)      \dl) 


7.  Let  us  now  suppose  that  the  given  parallelepipedal  sys- 
tem contains  a  pair  of  perpendicular  lines  (i)  ;  the  condition 
of  perpendicularity  gives  immediately 

Auti-i  +  Bi'Ui  +  Qwic-i  +  A.'(viOi  +  wvi)  4-  ^'(ivui  +  xl\ii) 

+  Q'{uvi  +  uio)  =  Q. 

Unless^  therefore,  the  six  covanant  coe^cients  are  connected  hy  a 
linear  Jiomocfeneous  7'elation  having  integral  coefficients,  no  two 
lines  of  the  system  can  be  perpendicnlar  to  one  anotlier  ;  and 
correlatively,  unless  the  six  contravariant  coefiicients  are  con- 
nected by  a  similar  relation,  no  two  planes  of  the  system  can 
be  perpendicular  to  one  another.  But  the  existence  of  such 
a  relation  connecting  the  six  covariant  coefficients  (or  the  six 
contravariant  coefficients),  though  a  necessary  condition,  is 
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not  a  sufficient  condition  for  the  existence  of  a  pair  of  perpen- 
dicular lines  or  planes.  We  proceed,  therefore,  very  briefly 
to  describe  the  principal  cases  which  present  themselves  when 
the  coefficients  are  connected  by  one,  two,  three,  four,  or  five 
linear  relations.  By  a  linear  relation  connecting  the  coeffi- 
cients we  understand  a  linear  homogeneous  equation  of  the 
tvpe 

pA  +  qB  +  rC  +  2/A'  +  2./B'  +  2/C'  =  0, 

where  p,q,r,p',q',r'  are  integral  numbers  which  we  may 
sup])oso  free  from  any  common  divisor.  In  connexion  with 
such  a  relation  we  shall  have  to  consider  the  quadratic  form 

^=p|2  +  ,^^2  ^  ,.^2  ^  2p'ri^  +  2./C0  +  '2/^v 
and  its  contravariant  or  reciprocal  form 

+  •2(qq'  -  ry)z.v  +  2(rr'  -p''/)^r>/. 

These  we  shall  term  the  quadratic  form  and  the  reciprocal 
quadratic  form  appertaining  to  the  given  relation.  For  brevfty 
we  shall  attend  only  to  the  cases  in  which  given  relations  exist 
between  the  six  covariant  coefficients  A,  B,  C,  A',  B',  C,  the 
cases  in  which  given  relations  exist  between  the  six  contrava- 
riant conditions  being  simply  the  correlatives  of  these.  It  is 
remarkable  that  in  every  case  the  conditions  of  perpendicularity 
and  symmetry  depend  solely  on  the  coefficients  of  the  linear 
relations  connecting  the  crystallographic  coefficients  ;  so  that 
two  parallelepipedal  systems,  in  which  the  crystallographic 
coefficients  have  different  ratios  but  satisfy  the  same  linear 
relations,  would  resemble  one  another  exactly  in  respect  of 
symmetry  and  perpendicularity.- 

8.  Case  of  one  linear  relation  between  the  coefficients. 

Here  we  have  the  theorem,  "  The  system  contains  a  single 
pair  of  perpendicular  lines,  or  contains  no  such  pair  whatever, 
according  as  the  reciprocal  form  appertaining  to  the  given 
relation  is  or  is  not  a  perfect  square." 

For  the  condition  that  th.e  reciprocal  form  ^  should  be  a 
perfect  scpiare,  we  may  if  we  please  substitute  the  condition 
that  the  quadratic  form  '\|r  appertaining  to  the  given  relation 
should  resolve  itself  into  two  rational  factors.  Or,  again,  Ave 
may  replace  this  condition  by  the  two  conditions,  (1)  that  the 
discriminant  of  yfr  is  to  be  zero,  (2)  that  the  greatest  connnon 
divisor  of  the  first  minors  of  this  discriminant  is  to  be  a  jier- 
fect  square. 

9.  Case  of  tico  linear  relations  hetween  the  coeficients. 

We  represent  the  quadratic  forms  and  the  reci]irocal  qua- 
dratic forms  appertaining  1o   those   relations  by  ^\i'\,  '^•i^i^i 
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and  by  d^d'^d"  the  roots  of  the  discriminantul  cubic  of 
t/tj  +  ^1^2-  i^  these  roots  are  irrational,  the  system  contains 
not  a  single  pair  of  perpendicular  lines.  If  one  of  them,  for 
example  B,  is  rational,  we  still  have  to  examine  whether  the 
factors  of  ■^y  +  ^-v/r^  are  rational ;  if  they  are,  we  have  a  pair 
of  j)erpendicular  lines.  If  all  the  three  roots  ^,  0' ^  6"  are 
rational,  Ave  have  to  examine  the  factors  of  each  of  the  three 
forms  yp'i  +  0yfr2,  '«/'i  +  ^'»|^2>  "^/^i  +  ^''"'/^s ;  according  as  these 
factors  are  or  are  not  rational  (if  the  factors  of  two  of  them 
are  rational  the  factors  of  the  third  are  so  too),  we  obtain  one 
or  three  pairs  of  perpendicular  lines,  or  no  pair  at  all  of  such 
lines. 

When  two  of  the  roots  6,  6' ,  6"  are  e([ual,  we  have  either 
one,  and  only  one,  pair  of  per[)endicular  linos  ;  or  we  may  have 
two  pairs,  the  plane  of  one  of  the  right  angles  containing  one 
of  the  rays  of  the  other  right  angle.  When  the  three  roots  are 
all  equal  we  have  a  single  pair  of  perpendicular  lines. 

Lastly,  the  coefficients  of  the  discriminating  cubic  may  all 
vanish.  If  this  happens,  either  («)  ^^  and  ^2  differ,  if  at  all, 
by  a  numerical  factor,  and  every  line  of  the  system  that  lies 
in  a  certain  plane  has  a  line  of  the  system  at  right  angles  to  it 
in  the  same  plane  ;  or  (/3)  ^^^  and  -^^  have  a  common  linear 
factor,  and  the  system  possesses  a  simple  symmetry. 

y^G  may  thus  enunciate  the  theorem : — 

"  The  conditions  that  a  parallelepipedal  system  should  pos- 
sess a  simple  symmetry  are  (o)  that  the  coefficients  should  be 
connected  by  two  linear  relations,  (Jj)  that  the  two  quadratic 
forms  apj'ertaining  to  these  relations  should  have  a  linear  fac- 
tor in  common." 

10.    Case  of  three  linear  relations  hetween  the  coefficients. 

We  represent  by  •\|ri,  i^g?  "^3  the  quadratic  forms  ajjpertain- 
ing  to  the  given  relations,  and  we  obtain  the  following 
theorem :  — 

"  The  system  contains  no  right  angle,  or  an  infinite  num- 
ber, according  as  the  indeterminate  cubic  eciuation 


c= 
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d^r. 

dy}r, 

d^ 

dr} 

'/C 
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dyfr^ 
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dK 
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df 
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does  or  does  not  admit  of  solution  in  integral  nundjors." 
l>v  virtue  of  the  three  given  relations  the  characteristic  ex- 
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pression/(.«,  y,  z)  of  art.  5  assumes  the  form 
f{x,  y,  z)  =  wi/i  +  6)2/2  +  ^s/s, 
the  ratios  of  the  quantities  Wi,  o)^,  &)3  being  irrational,  but  tlie 
coefticients  of  the  quadratic  forms/1,/2, /a  being  integral  num- 
bers.    If  H(,i',  y,  z)  denote  the  Jacobian  of  these  three  forms, 
we  have  the  theorem : — 

"  When  the  indeterminate  equation  C  =  0  admits  of  solution, 
the  infinite  number  of  right  angles  which  the  system  contains 
all  lie  on  the  cubic  cone  H(.m,  ?/&,  zc)  =  0;  viz.  an  infinite 
number  of  lines  of  the  system  lie  on  this  cone,  and  every  line 
of  the  system  which  lies  on  it  has  a  line  at  right  angles  to  it, 
also  lying  on  the  cone." 

The  system  may  have  a  simple  symmetry  or  an  ellipsoidal 
symmetry,  or  none  at  all ;  but  it  cannot  have  a  spheroidal  or  a 
spherical  synnnetry. 

The  conditions  for  a  simple  symmetry  are  that  the  ternary 
cubic  form  C(^,  77,  ^)  should  resolve  itself  into  a  rational  linear 
factor  and  a  rational  quadratic  factor,  and  that  the  ternary 
cubic  form  H{^x,y,z)  should  resolve  itself  into  three  linear  fac- 
tors. These  conditions  admit  of  being  further  developed  (see 
Dr.  Salmon's  '  Higher  Plane  Curves,'  pp.  190  and  202  seqg.); 
it  is  suft^icient  for  our  purpose  to  observe  that  the  coefficients 
of  the  Jacobian  'H.(^x,y,z),  no  less  than  those  of  C{^,7],^), 
depend  solely  on  the  coefiicients  of  the  forms  yjr^,  yjro,  yjr^,  i.  e. 
on  the  integral  numbers  entering;  into  the  given  linear  relations. 

The  conditions  for  an  ellipsoidal  symmetry  are  that  €(^,77,^) 
should  resolve  itself  into  three  rational  linear  factors,  and  that 
'Q.{x,y,z)  should  resolve  itself  into  three  factors. 

Two  special  cases  of  the  general  theory  (which,  however, 
are  not  cases  of  symmetry)  deserve  attention. 

(1)  There  may  exist  in  the  parallelepipedal  system  a  qua- 
dratic cone  and  a  jjlarie,  such  that  every  line  of  the  system 
lying  in  the  plane  has  a  line  of  the  system  at  right  angles  to 
it  lying  in  the  cone. 

(2)  Or,  again,  the  parallelepipedal  system  may  have  an  in- 
finite number  of  pairs  of  perpendicular  lines  all  lying  in  the 
same  plane ;  and  it  may  also  have  at  the  same  time  a  second 
s<'t  of  such  pairs  lying  on  the  surface  of  a  quadratic  cone,  the 
plane  of  each  pair  of  this  second  set  passing  through  the  polar 
line  of  the  first-named  pair  with  regard  to  the  cone. 

11.   Case  of  four  linear  relations  between  the  coejfcients. 

Here  every  line,  without  exception,  of  the  parallelepipedal 
system  has  a  line  at  right  angles  to  it ;  and  this  distribution 
of  pairs  of  })erpendicular  lines  may  exist  without  the  ])resence 
of  any  synnnetry  whatever.  The  symmetry  (if  any)  may  be 
simple,  or  ellipsoidal,  or  spheroidal,  but  cannot  be  spherical. 
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The  cliuractcristic  form /(a-, //,  z)  may  be  expressed  by  an 
equation  of  the  type 

the  ratio  of  Wi  and  coo  being  irrational,  but  the  coefficients  of 
the  quadratic  forms /i  and/2  being  integral  numbers.  There 
is  a  simple  symmetry  when  the  discriminantal  cubic  of /i  4-^/2 
has  one  rational  root,  an  ellipsoidal  symmetry  when  it  has 
three  rational  and  unequal  roots,  a  spheroidal  symmetry  when 
it  has  two  equal  roots.  (It  cannot  have  its  three  roots  equal, 
because  the  cone  f(x,y,  z)  =  0  is  imaginary.) 

We  suppress  the  furthtu"  discussion  of  these  conditions, 
only  observing  that  they  may  be  so  exj)ressed  as  to  show  that 
they  depend  only  on  the  coefficients  of  the  four  given  relations, 
and  not  on  the  six  coefficients  A,  B,  0,  A',  B',  C'  themselves. 

12.   Case  of  Jive  linear  relations  hetxoeen  the  coefficients. 

In  this  case  the  ratios  of  the  coefficients  are  themselves  evi- 
dently rational,  and  the  parallelepipedal  system  has  a  spherical 
svuimetry.  It  is  also  true,  conversely,  that  when  there  is  a 
spherical  symmetry  the  ratios  of  the  coefficients  are  rational. 

We  may  mention  that  the  question  of  the  rationality  or 
irrationality  of  the  ratios  of  the  crystallographic  coefficients 
had  attracted  the  attention  of  Gauss,  who,  as  appears  from  the 
memoir  of  his  life  (Gauss,  Zuiti  Gedaehtniss,  A^on  W.  Sarto- 
rius  V.  Waltershausen :  Leipzig,  1856),  had  in  the  year  1831 
devoted  himself  with  great  ardour  to  the  study  of  crystallo- 
graphy *. 

IV.    Notes  on  theTheory  of  Sound.     By^.H.  M.  Bosan- 
quet, Fellow  of  St.  Johns  College,  Oxford. 
[Continued  from  vol.  iii.  p.  424r.] 
5.    On  the  Symmetrical  Spherical  Divergence  of  Sound  in  Air. 

THE  principal  interest  of  this  subject,  from  a  practical  point 
of  \aew,  is  its  bearing  upon  the  reflexion  of  sound  at  its 
divergence  from  the  end  of  a  tube.  I  hope  to  return  to  a 
more  particular  examination  of  this  question  on  a  subsequent 
occasion  ;  in  the  present  note  I  shall  allude  to  it  only  so  far  as 
is  necessary  to  make  intelligible  the  interest  of  the  results  ob- 
tained in  the  restricted  case  here  dealt  with. 

The  investigations  of  Helmholtz  on  the  divergence  of  sound 
from  the  open  end  of  a  cyhndrical  tube  (^Crelle,  18(50),  broke 
ground  for  the  first  time  in  the  knowledge  of  the  manner  in 

*  Some  of  the  demonstrations,  which  have  been  omitted  in  the  present 
note,  will  be  found  in  a  paper  inserted  in  the  '  Proceedings  of  the  London 
Mathematical  Society,'  vol.  vii.  p.  83. 
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which  sound  actually  passes  over  from  the  inside  of  a  tube 
into  the  surrounding  air.  The  work  was  based  on  the  modern 
potential  analysis ;  and  some  of  the  chief  dithculties  in  it  were 
overcome  by  giving  to  the  various  expressions  the  meaning 
they  would  have  had  in  the  theory  of  electricity,  and  employ- 
ing the  results  that  belong  specially  to  that  theory. 

Lord  Eayleigh  treated  important  portions  of  the  same  sub- 
ject in  a  paper  in  the  Philosophical  Transactions,  1871  (Mr. 
Strutt  "  On  Resonance  ").  The  analysis  s  much  simplified, 
but  it  is  essentially  the  same  in  principle  as  Helmholtz"'s.  The 
reference  to  electrical  analogies  is  used  freely. 

A  paper  by  Grinwis  (Pogg.  Ann.  1877,  No.  2,  p.  27(5)  goes 
over  that  portion  of  the  ground  which  refers  to  resonators  ;  it 
does  not  appear  to  me  to  differ  essentially  in  principle  from 
the  papers  already  mentioned. 

When  sound  diverges  from  the  end  of  a  cylinder,  the  mo- 
tion is  such  as  it  would  be  if  the  cylinder  were  made  a  little 
longer  and  the  process  of  divergence  were  disregarded.  The 
principal  numerical  result,  the  obtaining  of  which  is  the  object 
of  theory,  concerns  the  magnitude  of  the  length  supposed  to 
be  added  to  the  cylinder  as  the  equivalent  of  the  divergence. 
The  whole  space  considered  is  alwaj's  supposed  to  have  its 
dimensions  small  compared  with  the  wave-length. 

The  electrical  method  is  defective  in  the  vicAV  it  affords  of 
the  actions  which  take  place,  in  a  manner  which  I  will  endea- 
vour shortly  to  explain. 

In  Bernoulli's  theory  of  organ-pipes,  the  hypothesis  is 
made  that  the  change  from  the  constraint  of  the  pipe  to  a 
condition  in  which  no  remains  of  constraint  are  to  be  perceived 
takes  place  suddenly  at  the  point  where  the  wave-  system  leaves 
the  pipe.  This  theory  is  useful  as  a  first  approximation,  but 
entirely  fails  to  give  any  idea  as  to  the  connexion  between  the 
motion  in  the  pipe  and  that  in  the  surrounding  air.  It  is, 
however,  evident  that  the  divergence  which  takes  place  may 
be  conceived  of  as  sending  back  to  the  pipe  a  series  of  reflected 
impulses,  instead  of  the  single  reflected  impulse  which  returned 
from  the  open  end  of  the  pipe  according  to  the  Bernoulli 
theory,  and  that  these  elementary  impulses,  coming  from  dif- 
ferent distances,  may  be  together  equivalent  to  a  single 
reflected  impulse  from  a  point  at  a  little  distance  from  the  end 
of  the  pipe.  The  position  of  the  source  of  this  e(j[uivalent 
disturbance  may  be  called  the  "  centre  of  phase "  of  the 
reflected  wave-system  ;  and  in  its  relation  to  the  series  of  ele- 
mentary systems,  as  well  as  in  the  formulai  by  which  it  may 
be  found,  it  has  a  striking  analogy  to  the  centre  of  gravity  of 
a  syslem  of  material  points. 
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The  electrical  method  entirely  puts  aside  all  consideration 
of  reflexion ;  and  between  it,  as  exhibited  by  Hehnholtz  and 
his  followers,  and  the  Bernoulli  theory  there  exists  a  want  of 
connexion.  It  will  be  my  endeavour  to  extend  the  Bernoulli 
theory  in  the  direction  above  indicated,  so  as  to  arrive  (in  the 
present  note  by  the  application  of  rigorous  analysis  to  the  case 
of  symmetrical  divergence,  and  in  the  following  note  with  the 
assistance  of  the  experimental  study  of  the  unsymnietrical 
motions  concerned)  at  a  more  clear  idea  of  the  whole  thing 
than  was  atforded  by  the  electrical  analogies. 

Preliminary  Illustration. — Reflexion  by  Change  of  Section. 

If  a  stream  of  sound  traverse  a  cylinder  whose   section 
changes  from  S^  to  Sj,  a  reflected  stream  will  arise  at  the 
change  of  section — the  change  of  section  being  small,  and  the 
wave-length  great  compared  with  the  dimensions  of  the  sec- 
tion ;  so  that  the  form  of  the  plane-waves  is  substantially  un- 
disturbed, and  the  expansion  may  be  considered   as  taking 
place  completely  in  the  plane,  of  the  section. 
Let  A  be  the  amplitude  of  the  incident  stream, 
b  of  the  transmitted  stream, 
a  of  the  reflected  stream. 
Let  MSqA"^  be  the  energy  per  second  of  the  incident  stream, 
MSi*^''^  of  the  transmitted  stream, 
MS(jrt'^  of  the  reflected  stream. 
By  Proj).  II.  of  the  last  note,  the  incident  and  reflected 
streams  in  S^  do  not  interfere  with  each  other. 

Let  the  axis  of  the  cylinder  be  the  axis  of  .r,  and  its  inter- 
section with  the  plane  of  change  of  section  the  origin.  Then 
the  wave-systems  may  be  represented  by 

y^  =  A  sin  k(^vt  —  .r)  +  a  sin  k{  v(  +  .r), 
y^  =  6sin  k(vt — .r). 

We  suppose  that  the  whole  reflexion  takes  place  at  the  change 
of  section,  so  that  no  change  of  phase  comes  into  the  reflected 
system  except  tt,  which  is  determined  by  the  sign  of  a.  This 
is  legitimate  as  long  as  the  change  of  section  is  small.     Then 

-j^  =  — /lA  cos  k(vt  —  .v)  +  ka  cos  lx{rt  +  .r), 

^i^=-i^cos/.(r/-.r). 
rt.f  ^ 

And  these  nur-^t  be  equal  at  the  origin  (a'  =  0);  for  the  pressure 
nmst  be  the  same  at  the  common  surface  ; 

.".  X-a  =  b. 
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And  the  reflected  and  transmitted  energy  per  second  together 
=  incident  flow  ; 

From  these  equations  we  find,  rejecting  the  solution  6  =  0, 

X.  O  A  0  A         1  ^~"       rt 

0  =  z  A  ^    r~Q')     a = A  Q       Q  J 

which  determine  the  reflected  and  transmitted  streams. 

It  is  easy  to  treat  similarly  the  more  general  case,  where 
two  streams  flowing  in  opposite  directions  meet  at  the  change 
of  section  ;  but  the  form  of  analysis  is  not  convenient  for  pro- 
ceeding much  further,  so  I  pass  on. 

We  may  deduce  from  the  above  the  general  principle,  that 
if  (under  the  conditions  stated)  a  stream  of  sound-energy 
diverge,  occupying  at  successive  instants  a  variable  surface  S, 
portions  of  the  energy  will  be  reflected  back  at  every  instant; 
and  since  the  total  amount  is  constant  (conservation  of  energy), 
the  total  amount  on  surface  S  diminishes  as  the  surface  in- 
creases. If  we  suppose  it  uniformly  distributed  over  the 
surface,  we  may  then  express  the  total  energy  on  S  in  the 
form* 

E  =  E,+  g-  +  g-  +..., 

where  Eq,  Ej,  E2  are  coefficients  depending  on  the  circum- 
stances. There  can  be  no  positive  index  terms,  since  the  energy 
supplied  cannot  augment  itself. 

If  S  change  to  S  +  c/S,  E  changes  to  E— fZE;  and  since  dEi 
is  not  sent  forward,  it  is  reflected  back.  Hence  the  general 
expression  for  the  reflected  element  of  energy  is 

c?E =Ei  -02  +  2E2  ^2"  + . . .  . 

In  the  cases  I  shall  consider,  the  first  term  alone  is  important; 
it  would  be  possible  to  found  subsequent  developments  very 
simply  on  the  first  term  of  the  above  expansion.  But  it  is 
desirable  to  discuss  the  case  of  spherical  divergence  more  fully. 

*  lu  the  case  where  the  surface  S  diminishes  as  the  stream  flows  on, 
the  expression  is  diflerent :  since  the  energy  per  second  through  succes- 
sive sui'faces  S  cannot  increase,  negative  powers  are  excluded ;  and  the 
expressions  in  the  text  are  replaced  by 

f/E  =  (Ej+2E,S+...)rfS, 
where  ^S  is  the  element  of  diminution  of  sm-face. 
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Symmetrical  Spherical  Divergence. 

The  simplest  case  of  the  divergence  of  sound  is  wliere  it 
issues  from  a  spherical  source,  and  spreads  symmetrically  in 
all  directions.  This  may  be  realized  by  supposing  a  small 
sphere,  pierced  with  holes  like  the  rose  of  a  watering-pot,  to 
be  connected  through  a  long  tube  with  a  source  from  which 
air  alternately  issues  and  is  absti-acted,  the  tube  being  thin 
enough  not  to  interfere  sensibly  with  the  spherical  divergence. 
Of  course  also  the  conditions  are  the  same  in  hemispherical  or 
sectorical  divergence,  the  sound  diverging  always  from  a  cor- 
responding portion  of  a  spherical  surface.  In  these  cases  the 
assumption  that  R,  the  velocity-potential,  is  a  function  of  r 
and  t  only,  is  legitimate,  but  in  no  other  case. 

If  we  form  the  equations  of  motion  in  three  dimensions  in 
the  ordinary  manner,  making  the  above  assumption,  we  have 
(Airy,  '  On  Sound,'  p.  92) 

v^  dt'^  ~  dr'^       r  dr 

There  are  three  principal  forms  of  integral  of  the  above  equa- 
tion with  which  we  are  concerned  : 

^^Csmk{rt-r)^ ^^ 

„      Csin^(r^  +  r)  .... 

R= z ' ('0 


r 


R=-, (iii^ 

r  ^     ' 

The  corresponding  velocities  are, 

^^^     ^Z7  =-^-3{^'?'CosA(rf-r)+sin/:(r/-r)}, 

(ii)     -j-=        2  { ^^'  cos  k{vt  +  r)  —  sin  k(vt  +  ?■)}; 
,...,    dU  C 

In  (i),  (ii)  of  the  values  of  -7—  the  coefficient  hr—  ;   if 

dr  \    ' 

\  be  regarded  as  indefinitely  great  with  respect  to  r,  the  last 
terms  alone  survive,  and  the  velocities  reduce  to 
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Q 

(i)      -^,m\k{vt-r), 

C 

(ii)      —  —  sin  l:[rt-\-r), 

,....         0 
The  expression  for  the  density  is  (Airv,  p.  67) 

which  ^ives  I'or  the  Miriable  terms  deduced  from  R, 
(i)      -DC^cosy(-(r<-r), 

(ii)      -DC-cosA(r^  +  r), 

(iii)  0-.      .      . 

The  terms  of  variable  density  in  (i)  and  (ii)  bear  the  same 

analogy  to  the  first  terms  in  their  complete  velocities  that  the 

densities  of  ordinary  sound-waves  of  transmission  do  to  the 

corresponding  velocities  ;  but  if  we  suppose  kr  small,  these 

changes  of  density  are    negligible  compared  with  those  that 

Avould  be  required  to  correspond  to  the  surviving  terms  of  the 

C 
velocities.     And  ultimately,  when  the  velocity  =  -5 ,  there  is 

no  change  of  density  at  all,  and  we  may  regard  the  fluid  as 

incompressible  under  the  circumstances. 

This  once  admitted,  in  the  case  where  the  wave-length  is 

su[)posed  very  great  in  comparison  with  all  the  dimensions 

considered,  we  can  deduce  the  whole  motion  very  simply  from 

other  considerations  in  the  important  case  where  the  velocity 

C 
=  — 5  or  there  is  a  uniform  flow — the  limiting  case  when  the 

wave-length  is  infinite. 

Let  Sq  be  the  surface  of  the  spherical  source,  S„r?r  the  volume 
of  fluid  that  flows  through  S^  in  the  time  dt ;  then 

—r^  —  V(j  is  the  rate  of  flow  of  fluid  through  S^, 

-T-  =  Y  through  S. 
dt  ° 

Since  the  fluid  is  continuous  and  of  constant  density  (accord- 
ing to  the  above  reasoning),  the  same  quantity  of  fluid  crosses 
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every  .surface  S  in  the  sani'^  tiiiio  cU  ;  ."•  S(^<'=  const.  </^,  and 


sv=s,v,. 


The  energy  of  the  flow  under  tlicsc  circumstances  lying  be- 
tween surfaces  S,j  and  S,  is 


2  1  2      J,.  -ITT''- 


AVhcn  /'  becomes  great  in  comparison  witli  >-„,  the  last  term 
ceases  to  influence  the  expression.     Consequently  the  energy 
of  the  whole  motion  lying  beyond  such  a  value  of  ?•  is  negligi-' 
ble   in  comparison  with  that  which   lies  within  it ;  or  if  we 
make  v  indefinitely   great,  the  energy  has   the   finite   value 

27rp,iV^. 

None  of  this  passes  ofl'  to  infinity  ;  consc(iuently  the  mainte- 
nance of  the  motion  when  once  started  re(juires  no  additional 
expenditure  of  energy  (of  course  friction  is  neglected).  Hence 
we  have  the  curious  theorem,  that  if  an  infinite  mass  of  fric- 
tionless  fluid  be  set  in  symmetrical  divergence  in  the  manner 
indicated,  as  soon  as  steady  motion  has  set  in  no  further 
})ressure  is  required  from  the  supply-channel,  but  if  the  fluid 
is  brought  to  the  surface  of  the  small  sphere  from  which  diver- 
gence takes  place  it  will  be  drawn  out,  and  the  motion  conti- 
nued, by  means  of  the  energy  already  present. 

I  Avill  now  endeavour  to  analyze  more  closely  the  course 
taken  by  the  flux  of  energy  in  this  problem,  and  to  illustrate 
the  mechanical  action  by  which  this  last  result  is  produced. 

We  may  supi)ose  the  energy  to  be  divided  into  two  streams, 
both  accompanied  with  outward  velocity  of  displacement. 
Tlie  one  is  divergent  ;  it  has  a  greatest  pressure  inside,  and 
a  less  pressure  towards  the  outside.  The  other  is  convergent; 
and  it  proceeds  inwards  with  continually  increasing  rarefactions. 

If  we  combine  these  two  streams  in  the  same  way  as  the 
two  opposite  streams  of  sound  which  make  up  a  stationary 
wave  (see  Prop.  J.  of  note  4),  the  velocities  are  both  equal  to 
V  . 

-r  at  any  point,  and  the  condensations  are 

V 

+  —  for  the  divergent  wave, 


and 

_  V 


for  the  convero;ent  wave. 
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The  total  energy  per  second  across  the  surface  is 


that  of  each  of  the  component  streams  into  which  it  is  above 
decomposed  being  half  this  amount,  =  ;t^,  where 

2      "    " 

Consider  the  divergent  stream  which  starts  from  S^,  and  has 

the  energy  per  second  ^^  as  it  passes  through  each  surface  S. 

As  the  divergence  proceeds  elements  are  reflected ;  and  the 
element  reflected  in  expansion  from  S  to  S  +  d&>  is 

These  reflected  elements  would  probably  diverge  in  turn  but 
for  the  symmetry ;  all  we  can  say  here  is  that  the  actual  mo- 
tion is  represented  by  treating  them  as  forming  a  convergent 
stream. 

Summing  the  reflected  elements,  then,  from  any  value  of  S 
up  to  an  infinite  value,  we  have  for  the  total  reflected  energy 

(numerically)  ^,  the  same  value  as  that  of  the  divergent  stream 

at  the  point. 

Hence  the  motion  of  spherical  divergence  in  air  is  com- 
pletely represented  by  decomposing  the  motion  into  a  diver- 
gent and  a  convergent  stream  of  energy,  the  latter  of  which  is 
inade  up  of  the  reflected  elements  of  the  former.  And  the 
mechanism  by  which  the  maintenance  of  the  flow  is  continued 
when  once  started,  as  proved  above,  is  the  suction  exerted  at 
the  source  S„  by  the  reflected  convergent  stream  of  energy, 
which  is  accompanied  with  rarefiiction. 

This  really  amounts  to  making  a  supposition  that  the  con- 
straint terminates  at  S„,  a  supposition  which  cannot  be  actually 
realized,  involving  a  Bernoulli  reflexion  of  the  rarefaction  into 
pressure  at  S(,.  Supposing  a  pipe  to  be  terminated  by  two  such 
spherical  divergences,  the  air  flowing  inward  at  the  one  end  and 
outward  at  the  other,  the  convergent  rarefaction  would  travel 
along  the  tube  to  the  other  end,  whence  issuing  as  a  divergent 


Mr.  R.  H.  M.  Bosanquet  on  the  Theory  of  Sound.        33 

rarefaction  it  would  be  reflected  into  a  convergent  pressure 
by  a  process  exactly  the  reverse  of  the  above ;  this  would  in 
turn  reenter  the  i)ipo,  travel  back  to  the  first  source  S„,  and 
begin  the  cycle  afresh.  This  would  be  a  simple  case  of  a 
stream-line  in  an  indefinitely  extended  frictionless  fluid,  the 
flow  through  which  would  bo  maintained,  by  circulation  of 
energy,  when  once  started.  Such  spherical  divergence,  how- 
ever, cannot  be  actually  set  up  at  the  end  of  a  tube  with  any 
approach  to  accuracy. 

In  considering  the  energy  of  the  motion,  we  saw  that  the 
amount  of  it  which  lies  beyond  a  distance  r  from  the  centre  is 
negligible  when  r  is  great  in  comparison  with  r^.  This 
remark  becomes  important  subsequently,  when  it  will  illustrate 
the  extremely  small  influence  on  numerical  results  of  great 
differences  in  the  ultimate  forms  of  motion  at  great  distances. 
But  we  shall  employ  the  remark  now  to  illustrate  the  passage 
from  the  case  of  uniform  flow  of  fluid  to  that  of  a  periodic  flow, 
represented  by  a  circular  function,  according  to  solutions  (i) 
or  (ii)  of  the  differential  equation. 

Instead  of  the  velocity  V  being  uniform,  suppose  it  to  bo  a 

function  of  the  time,  such  as  V  sin  kvt,  where  A-  (  =  —  )  is  small 

A, 

with  respect  to  distances  at  which  the  energy  is  sensible.  We 
cannot  suppose  this  as  it  stands  to  satisfy  the  conditions  for  a 
flow  of  energy.  But  if  we  notice  that,  kr  and  kc  being 
small,  cos  k  (r  —  c)  differs  indefinitely  little  from  1,  we  can 
put  this  function  =Y  sin  kvt  cos  k{r  —  c) ,  where  c  denotes  an 
arbitrary  origin ;  we  see  that  we  now  have  a  motion  analo- 
gous to  that  in  the  neighbourhood  of  a  loop  surface  witli  plane- 
waves,  which  may  be  referred  to  the  two  streams  of  sound- 
energy 

V 

^  sin  k{vt—r  +  c) 

and 

^  sm  A(r^ +  /•  —  (;) 

(Pro}).  I.  of  note  4).  The  energy  per  second  of  each  stream 
will  be  ^0—5  and  that  of  the  two  together  twice  this  amount, 

or  half  that  in  the  case  of  continuous  motion. 

Although  I  am  going  to  prove  this  rigorously  presently,  yet 
the  derivation  by  the  reasoning  just  employed  is  important, 
because  we  shall  want  it  later  in  an  analogous  case ;  so  I  will 
say  a  few  words  more  on  the  details. 

The  deduction  of  the  distribution  of  energy  required  only 
Phil  Mag.  S.  5.  Vol.  4.  No.  22.  ,Mij  1877.      '  D 
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that  the  fluid  shoald  behave  as  if  incompressible  (which  I 
assume  throughout  as  a  consequence  of  the  analysis),  and  that 
the  motion  should  at  the  instant  of  examination  be  the  same 
as  if  a  steady  flow  were  going  on.  This  happens  when  a  de- 
finite value  is  ascribed  to  t,  the  velocity  anywhere  being  then 

VS. 
o  "  sin  kvt.     This  being  the  case,  the  equation  of  continuity 

is  satisfied,  and  the  rest  of  the  reasoning  runs  as  before.  Tlie 
total  energy  at  any  instant  is  found  by  multiplying  the  prece- 
ding result  by  sin^  kvt  (coeflicient  of  V'"*),  and  is 

27rp?'^Vg  sin^  kvt. 

The  oljservations  made  on  the  former  result  are  true  also  of 
this  ;  none  of  it  lies  at  an  infinite  distance.  Where,  then,  does 
it  go  to  for  the  values  of  t  for  which  sin  kvt  approximates  to 
zero  ?  The  answer  is,  that  this  sort  of  motion  can  only  exist 
in  combination  with  some  other  form  capable  of  receiving  the 
energy  and  converting  it  either  into  another  form  of  kinetic, 
or  into  potential  energy,  as  it  disappears  from  the  motion  we 
are  considering.  The  sim])lest  case  is  that  of  a  resonator.  If 
Ave  imagine  a  large  vessel  full  of  air  to  be  connected  with  the 
outer  air  by  a  system  of  spherical  divergence  of  this  kind,  the 
total  energy  in  use  is  exchanged  between  the  moving  air  and 
the  stoi'e  expressed  by  the  compression  or  rarefaction  in  the 
vessel.  The  analysis  of  the  energy  into  two  streams  corre- 
sponding to  those  employed  in  the  case  of  constant  flow  has 
been  already  exhibited. 

To  turn  to  the  analytical  side  of  the  question. 

It  is  not  in  general  sufficient,  for  a  form  of  motion  to  be  a 
solution  of  a  problem,  that  it  should  satisfy  the  difierential  equa- 
tion of  the  second  order  to  which  the  problem  is  subject.  It 
must  also  satisfy  the  energy-conditions,  and  also  in  any  parti- 
cular case  the  conditions  imposed  by  the  initial  circumstances. 
Examples  of  this  are  found  in  the  limitations  on  the  superpo- 
sition of  plane-wave  systems  travelling  in  the  same  direction, 
which  are  discussed  in  Props.  III.  et  sec/q.  ol  the  last  note. 

Now,  if  we  turn  to  our  integrals  of  the  differential  equation 
of  synmietrical  spherical  divergence,  we  might  say,  if  we  over- 
looked the  above  considerations,  that  (i)  alone  was  an  integral 
of  the  equation  and  a  possible  form  of  motion,  and  that  the 
form  to  which  it  reduces  when  ki'  is  very  small  is  also  a  pos- 
sible form,  i.  e.  that  a  possible  motion  is  capable  of  being  ex- 
pressed by  a  velocity 

-'^2^mk(vt-7'). 
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Now  this  term  signifies  a  transmission  of  energy  outwards  at 


the  rate  of 


pv  C^  1  -i  I- 

c^ — J  per  second  per  uint  suriace  ; 


that  is  to  say,  the  energy  through  surface  irr^  gradually  dimi- 
nishes in  the  ratio  of  -^- :  it  disappears  ;  there  is  nowhere  for 

it  to  go  to.    It  is  clear,  therefore,  that  this  is  not  a  solution  as  far 
as  the  flow  of  energy  is  concerned. 

It  is  only  necessary  to  take  up  integral  (ii),  and  out  of  (i) 
and  (ii)  to  combine  a  solution  which  shall  be  consistent  with 
the  energy-conditions.  Of  course  the  origin  of  r  is  so  far 
indeterminate,  as  well  as  the  origin  of  time.  We  here  intro- 
duce a  constant  c ;  and  the  following  is  the  expression  for  the 
resulting  velocity,  deduced  as  a  combination  of  integrals  (i) 
and  (ii)  of  the  differential  equation  of  symmetrical  spherical 
divergence  : — 

V  s 

velocities  -k^  &\\\k{vt—r-\-c)  divergent, 

V  s 

°  "  sin  h{vt  +  r  —  c)  convergent, 

which  combined  give  the  velocity  of  a  region  in  the  neigh- 
bourhood of  a  loop  surface, 

VS. 
-^-^  sin  kvt  cos  k{r  —  c), 


or,  since  k(r—'c)  is  small, 

^^  sin  kvt; 


that  is  to  say,  the  differential  equation  is  satisfied  by  the  mo- 
tion of  a  stationary  wave  near  its  loop  (therefore  unaccom- 
panied by  changes  of  density),  and  the  energy-conditions 
are  satisfied  by  representing  it  as  the  sum  of  a  divergent  and 
a  convergent  stream. 

It  remains  to  show  how  either  of  the  component  streams 
may  be  regarded  as  made  up  of  the  elements  of  energy  reflected 
from  the  other  at  the  different  surfaces  S.  It  is  easy  to  see 
that  the  result  of  such  a  nimiber  of  reflexions  may  be  reprt  - 
sented  by  supposing  them  collected  into  one  reflexion  at  a  dis- 
tance r  from  the  centre.  In  the  expressions  for  the  divergent 
and  convergent  velocities  put  c=r;  then  the  position  denoted 
by  r  will  correspond  to  the  actual  loop  surface  of  the  stationary 

D2 
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wave,  and  the  velocities  become  : — 

VS. 
divergent     =  — ^^  ^\nk[vt — r  +  ?•) , 

V  s 

convergent  =     "  °  sin  k{vt  +  7 —  r) , 

V  s 

both  of  which  become  •  ^J*  sin  kvt,  '\^r  —  r. 

Now  the  transmission  of  energy  takes  place  with  the  velo- 
city of  sound  ;  so  that  the  consequence  of  the  loop  being  at  a 
distance  r  from  the  centre  is  that  the  reflected  system  is  later 
in  phase  than  it  would  have  been  if  reflected  all  at  once  at  So, 
by  the  time  sound  takes  to  travel  over  2(r — Vq). 

For  convenience  in  estimating  this  retardation,  let  us  alter 
our  origin  of  time  in  the  above  equations  by  the  time  sound 
takes  to  travel  over  r ;  the  equations  become  : — 

V  s 

divergent  velocity     =  -~~-m\k{vt  —  7')  ; 

V  s 

convergent  velocity  =  ■  "^"  sin  k(yt  + 1 — 2r). 

The  first  is  now  in  a  form  independent  of  the  reflexion  ;  and 
the  latter  expresses  the  features  of  a  wave  reflected  at  a  distance 
r  from  the  centre.  If  we  regard  this  latter  stream  as  made 
up  of  elements  of  energy  per  second  reflected  from  the  succes- 
sive surfaces  traversed  by  the  former,  we  have  for  the  velocity- 
element  reflected  from  distance  p  (V'=  maximum  velocity  of 

V 

reflected  vibration  =  -^), 

{dN'  ^mk{vt-\-r—i^p). 

Expanding  this  expression,  and  remembering  that  kp  is  small, 
we  have 

fZVYsin  k{yt  +  r)  —  ''Ikp  cos  k{yt  +  r)). 

If  these  elements  are  all  transmitted  to  So,  as  is  indicated  by 
the  original  equations,  so  as  to  make  up  there  the  reflected 
velocity  across  Sq,  this  becomes 

V'o  sin  k{vt  +  r)  —  2k  \     pdN'^  cos  k{vt  +  r) ; 

and  if  we  put 
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the  total  velocity  of  the  reflected  stream  at  S^  is  expressed  in 
the  form 

Y\^&\nk{vt  +  r  —  Tr). 

And  the  reflected  stream  is  determined  in  phase  in  a  manner 
which  is  represented  by  supposing  it  to  originate  wholly  at  a 
distance  r  from  the  centre,  where  r  is  defined  by 

r'oo 

ON'. 


\'^pdV',  =  r\ 


The  energy  per  second  of  the  reflected  stream  at  Sq  is 

2  "' 

If  we  suppose  this  quantity  to  be  varied  by  the  abstraction  of 
the  energy-element  per  second  reflected  at  surface  S, 

The  energy  per  second  of  the  divergent  stream  through  sur- 
face S  is 

8  ^-^~4S' 
and  the  element  reflected  at  distance  r  from  the  centre  is 

"482^"' 

and  2V',  =  V,  ; 

.    v7V'  —  _-0^  _ 
••         ^"     4      S-' 

The  reflected  stream  is  then  determined  in  phase  by  the  equa- 
tions 

and  if  S  =  47rr^, 

r  =  2r^', 
that  is  to  say,  the  reflected  stream  is  the  same  in  phase  as  if 
it  came  from  a  single  reflexion,  at  a  distance  beyond  Sq  equal 
to  its  radius  •>*„. 

We  can  employ  this  at  once  to  get  an  approximation  to 
Helmholtz's  result  for  hemispherical  divergence  from  the  end 

*  Prop.  I.,  cor.,  of  Note  4.  The  total  energy  per  second  in  periodic  How 
=  that  in  constant  flow,  if  the  in>riodic  Jloxv  be  that  of  an  ordiyianj  stream 
with  prcss7(res  and  velocities.  In  these  loop-surface  motions  with  velocities 
only,  the  total  energy  per  second  in  terms  of  the  velocity  is  half  that  in 
the  case  of  constant  flow  or  in  the  case  of  an  ordinary  transmitted  sound- 
wave. 


•^  -',.      *^'         fed 
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TT 


of  a  cylinder.        (HelmLoltz  makes   the    correction   =  -7  R, 

where  R  is  the  radius  of  the  open  end.  Lord  Rayleigh  has 
shown  that  this  is  a  lower  limit,  and  regards  the  real  value  as 
about  '82  R.)  Assuming  that  the  divergence  depends  chiefly, 
on  the  surface  values,  represent  the  circular  end  of  the  cylinder 
ttR^  by  Sq,  a  hemisphere  of  equal  surface,  described  about  the 

centre  of  ttR^  ;  then,  if  8^=  27rrg,  ?'q=  -y-.  The  reflected  wave 

reenters  this  hemisphere  as  if  reflected  from  a  distance  =  r^ 
beyond  its  surface  ;  so  that  the  correction  to  the  length  of  the 

R  TT 

pipe  would  be  — =  =  '707  R,  as  against  the  value  -  R  and 

'^'2,  R  above  mentioned. 

The  transformation  from  the  circle  to  the  hemisphere  of 
equal  area  is  only  admissible  as  an  approximation  ;  but  for 
this  purpose  it  is  valuable,  as  the  whole  reasoning  adinits  of 
being  stated  very  shortly. 

The  problem  of  spherical  divergence  is  interesting  as  illus- 
trating the  precision  of  ideas  attaching  to  the  present  method, 
compared  with  that  based  on  electrical  analogies  ;  for,  so  far 
as  I  am  aware,  it  is  not  possible  to  obtain,  or  even  to  imagine, 
any  strictly  corresponding  result  in  the  electrical  theory. 
Consider  the  case  of  the  divergence  of  electricity  from  a  sphe- 
rical surface  through  a  conducting  medium  indefinitely  ex- 
tended. Then,  according  to  the  analogy  formerly  applied, 
the  resistance  to  the  diverging  current  furnishes  the  quantity 
analogous  to  the  retardation  in  the  sound-])roblem.  This  re- 
sistance is  easily  found,  from  the  consideration  that  it  is  pro- 
portional to  the  thickness,  and  inversely  as  the  surface,  of  each 
successive  spherical  layer.     And 


f= 


dr  1 


Similarly  for  a  hemisphere,  total  external  resistance  =  — — ^ . 

This  result  has  been  interpreted  by  supposing  a  cylindrical 

tube,  of  radius  r^,  to  be  capped  with  a  hemisphere,  from  which 

the  divergence  takes  place.     If  I  be  the  length  of  the  tube 

equivalent  to  the  resistance  of  divergence,  a  the  section  of  the 

tube, 

.,  I  1 

resistance  =  -  =  ^r — ? 
a       iirrn 
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Another  interpretation  may  be  obt<ained  by  su})posing  the 
tube  to  have  a  section  equal  to  the  surface  of  the  hemisphere. 
Under  these  circumstances  we  find  l  =  rQ,  a  result  numerically 
the  same  as  that  of  our  direct  investigation.  It  is,  however, 
clear  that  the  electrical  resistance  does  not,  in  this  case  at 
least,  really  represent  any  thing-  strictly  analogous  to  r  (which 
we  may  call  the  "  distance  of  centre  of  phase  ")  in  the  direct 
investigation ;  for  the  latter  subsists  in  the  case  of  the  sphe- 
rical divergence  itself,  but  it  is  impossible  to  assign  any 
similar  meaning  to  the  electrical  result  while  the  spherical 
form  is  maintained.  In  the  case  of  unsymmetrical  divergence 
the  law  is  ditFerent ;  for  the  reflected  energy  diverges  so  that 
only  a  portion  of  it  reaches  the  initial  surface. 

According  to  the  motion  above  investigated,  on  the  con- 
trary, the  whole  of  the  reflected  energy  returns  in  the  reflected 
stream  ;  a  tube  terminated  by  such  a  divergence  would  con- 
sequently, in  a  frictionless  fluid,  be  a  perfect  resonator,  from 
which  no  energy  would  be  lost  in  steady  vibration,  so  far  as 
this  divergence  is  concerned.  As,  hoAvever,  symmetrical  sphe- 
rical divergence  cannot  be  actually  set  up  with  any  approach 
to  accuracy,  it  is  impossible  to  check  the  theory  in  this  man- 
ner. The  trumpet-shaped  mouths  of  wind-instruments,  how- 
ever, probably  cause  some  ajtproximation  to  this  type  of  motion. 

To  allude  only  to  the  question  whether  sound  varies  inversely 
as  the  square  of  the  distance,  we  notice  that,  under  the  con- 
ditions of  spherical  divergence  with  great  wave-length,  the 

total  energy  per  second  a  •^;  consequently  the  energy  per 

second  through  unit  surface  Qt  oo,  or   oc-r.       But    at    ffreat 

distances  from  the  source,  or  when  the  distance  is  great  com- 
pared with  the  wave-length,  the  motion  is  that  of  an  ordinary 
transmitted  waA'C-system  who.se  total  energy  per  second  throuo-h 
surface  S  is  constant ;  so  that  at  such  distances  the  energy  per 
second  on  unit  surface  does  vary  inversely  as  the  square  of 
the  distance. 

In  the  next  note  I  shall  attempt  to  deal  with  uns^inmetrical 
divergence,  such  as  that  from  the  ends  of  organ-pipes,  and 
shall  discuss  the  exp;^rimental  treatment  of  this  part  of  the 
subject. 


I 


[  *'  ] 

V.  On  the  Af plication  of  Ther)nodpiam{cs  to  the  Study  of  the 
Variations  of  Potential  Knenjy  of  Liquid  Surfaces.  By  G. 
Van  der  Mensbrugghe,  Correspondent  of  the  Royal  Aca- 
demy of  Belgium* .     Second  Preliminary  Communication. 

N  my  first  communication  t  I  proposed  to  determine  the 
quantity  of  heat  dQ  gained  or  lost  by  a  liquid  mass  of 
which  the  surface  S  receives  an  increment  rfS.  Representing 
by  T  the  potential  energy  of  the  unit  of  surface  at  the  absolute 
temperature  t,  and  neglecting  every  other  cause  of  variation  in 
the  energy  of  the  body,  I  found  the  equation 

sf)=    (') 

and  having  applied  it  successively  to  various  particular  cases, 
I  then  deduced  from  it  the  transformed  equation 


dq  =  Ktd(^i 


iclr 


=<sg), (-2) 

which  gives  the  intensity  i  of  the  current  corresponding  to  the 
quantity  of  heat  f/Q  by  which  the  surface  S  is  traversed  in  the 
time  dr,  x  being  the  difference  of  electric  level. 

As  I  have  already  said,  the  surface  S  may  represent  either 
the  free  surface  of  a  liquid,  or  the  surface  of  separation  of  two 
liquids  which  do  not  mix,  or  the  surface  of  contact  of  a  solid 
and  a  liquid. 

On  the  present  occasion  I  will  suppose  that  we  give  to  the 
temperature  t  of  the  unit  of  weight  of  a  liquid  an  increment 
dt,  which  ^^"ill  necessarily  produce  an  increase  (/S  of  the  sur- 
face. Since  this  augmentation  (/S  develops  a  variation  of  heat 
c^Q  (expressed  above),  I  shall  be  able  to  write,  designating  by 
K  the  specific  heat  as  given  by  experiment  at  the  temperature 
/,  and  by  k  the  specific  heat  as  it  would  be  at  this  temperature 
if  the  surface  had  no  potential  energy, 

=  A:rf^-A^fZ(s^) (3) 

According  to  this  equation,  the  specific  heat  K  would  be  a 
function  not  only  of  the  temperature  t,  but  also  of  the  surface 
S  of  the  liquid  and  of  the  potential  energy  T  of  this  surface. 

•  Translated  from  a  separate  impression,  communicated  by  the  Antlior, 
from  the  Bulletins  de  P Academic  Royidc  de  Belgique,  2"  SfSrie,  tome  xli. 
No.  7,  Jidy  187(i. 

t  BuUeiiiis  de  F Academic  Royale  de  Belgique,  2e  serie,  t.  xli.  p.  760 ; 
rbil.  Mag.  [V.]  vol.  ii.  p.  450,  December  1870. 
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We  thus  see  hoAV  the  ideas  first  expressed  by  M,  Weber*,  and 
quite  recently  by  M.  Walthere  Sprinot,  according  to  which 
"  the  variations  of  specific  heat  follow  the  variations  of  vohinie 
of  bodies  by  heat,"  would  be  justified.  Moreover  the  value  of 
K  would  be  composed  of  two  pnrts  : — one,  k,  depending  at 
once  on  the  teniperature,  the  volume,  and  the  pressure ;  the 
other  a  function  of  ^,  S,  and  T.  Now  it  is  conceived  that  a 
body  may  have  very  different  surfaces  for  one  and  the  same 
initial  volume  ;  hence  it  follows  that,  for  large  values  of  S,  the 
variations  of  k  will  be  very  slight  in  comparison  with  those  of 
the  second  term,  which  depends  on  S  and  T.  We  shall  by- 
and-by  see  a  very  curious  consequence  of  this  deduction. 

I  will  now  a])ply  equation  (3)  to  the  examination  of  various 
questions  of  general  physics,  upon  which  my  theory  appears 
to  throw^  a  bright  light. 

I.  Let  us  suppose,  in  the  first  place,  that  the  variations  of 
S  are  very  inconsiderable  ami  can  be  neglected  pending  the 
variations  of  the  temperature  t ;  then  formula  (3)  becomes 

K  =  A-A^S^^ (4) 

In  truth  we  do  not  at  present  know  the  exact  form  of  the 
function  which  expresses  T  by  means  of  t  for  any  liquid  what- 
ever ;  but  we  can  at  least,  for  a  given  liquid,  seek  the  values 
of  the  coefficients  of  an  equation  such  as 

Now  it  follows  from  the  researches  of  M.  Wolf  that,  for 
water,  the  coefficients  /3  and  7  are  very  small  and  permit  us 
to  neglect  the  powers  of  t  higher  than  the  second.     Besides, 

for  the  same  liquid,  -p-  is  negative  ;  from  this  it  follows  that 

th(^  (piantity  of  heat  to  be  supplied  to  oi-  taken  away  from  the 
unit  weight  of  water,  to  raise  or  lower  the  temperature  1°,  in 
general  increases  not  only  with  t,  but  also  wdth  S.  Conse- 
quently, if  we  imagine  a  sphere  of  water  weighing  1  kilo- 
gram, and  a  series  of  n  spheres  of  water  of  M'hich  the  total 
weight  is  also  equivalent  to  1  kilogr.,  it  will  be  necessary  to 
supply  or  withdraw  nmch  more  heat  to  raise  or  lower  the 
temperature  1°  in  the  series  of  n  s[)heres  tban  in  the  single 
sphere ;  and  the  difference  will  be  by  so  much  the  greater  as 
the  globules  shall  be  more  numerous  and  consequently  more 

*  "  Ueber  die  specifisehe  Warme  fester  Korper,  insbesondere  der  Me- 
talle/'  Pogg.  Ann.  vol.  xx.  p.  177. 

t  "  Siir  ia  dilalation,  la  cbaleur  speeifique  des  alliages  fiisibles,"  &c., 
Btdl.  de  I  Acad.  Hoy.  de  Belgique,  t.  xxxix.  p.  548. 
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minute.  Is  not  this  the  reason  that,  according  to  the  obser- 
vations of  Saussure  and  Fournet,  the  minute  drops  forming 
clouds  and  mists  can  float  in  the  strata  of  air  whose  tempera- 
ture is  much  below  zero,  without  assuming  the  solid  state? 

What  has  just  been  said  of  a  series  of  n  globules  weighing 
together  the  unit  of  weight  applies  equally  to  each  isolated 
drop  ;  in  fact,  if  V  represents  the  volume,  and  Z  the  specific 
gravity  of  the  liquid  forming  the  drop,  we  have 

s 

Now  the  ratio  ^  increases  as  the  volume  of  the  drop  dimi- 


V 


c^^T 


nishes ;  and  consequently,  since  -yy  is  negative,  the  smaller 

the  diameter  of  the  drop  the  greater  will  be  the  value  of  K. 
Does  not  this  explain  how  M.  Mousson*  was  able,  at  very  low 
temperatures,  to  keep  in  the  liquid  state  globules  of  water  of 
less  than  ^  millim.  diameter  disposed  upon  a  surface  which 
they  did  not  wet  ?  In  the  same  way  Mr.  Tomlinson  f,  more 
than  thirty-five  years  since,  could  see  minute  drops  of  water, 
alcohol,  ether,  roll  upon  the  surface  of  a  fixed  oil  raised  to 
more  than  200°  C. 

In  the  case  where  T  designates,  not  the  potential  energy  of 
a  free  liquid  surface,  but  that  of  a  surface  common  to  two 
liquids  which  do  not  mix,  similar  effects  to  the  preceding  can 
be  obtained.  Thus  M.  L.  Dufour|  obtained  globules  of  v\'ater 
in  the  liquid  state  immersed  in  a  mixture  of  chloroform  and 
oil,  although  the  temperature  descended  as  low  as  —  10°C., 
and  even  —20°  for  the  smallest  spherules.  He  verified  still 
more  marked  effects  with  globules  of  fused  phosphorus  or  sul- 
phur in  the  midst  of  a  liquid  of  the  same  density. 

If  the  question  be  of  the  surface  of  contact  of  a  solid  and  a 
liquid  which  wets  the  latter,  we  shall  have  to  ascertain  the 

sign  of  -jY,  in  order  to  foresee  the  quantity  of  heat  necessary 

to  a  vanation  of  potential  energy  in  the  surface  of  contact;  if 
the  sign  be  negative,  we  must  again  conclude  that  K  also  in- 
creases with  the  surface  S.     Now  a  great  number  of  experi- 

*  "  Sur  la  fusion  et  la  solidification  de  I'eau,"  Bihl.  Univ.  de  Geneve, 
1858,  t.  iii.  p.  L«JG. 

t  Student's  Manual  of  Natural  Philosophy,  p.  oo3. 

t  "Sur  la  congelation  de  I'eau  et  sur  la  ibnnation  de  la  grele,"  Bihl. 
Univ.  18(51,  t.  X.  p.  -Wx 
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ments  show  precisely  this  result.     I  will  cite  a  few  examples 
in  support  of  the  last  conclusion. 

1.  If  the  solid  wetted  by  the  liciuid  has  its  maximum  density 
and  consequently  its  niininnnn  surface,  the  s})ecific  heat  is 
itself  a  niininuun  at  this  point,  and  takes  a  greater  value  on 
both  sides  of  the  temperature  of  maximum  density.  This 
was  proved  by  M.  Spring,  by  a  very  elegant  mode  of  experi- 
mentation, for  the  alloys  of  Rose  and  Darcet  immersed  in  oil*. 
But  in  the  immediate  vicinity  of  the  maximum  anomalies  may 
jiresent  themselves,  on  account  of  the  eventual  change  of  sign 

fZT 
of  -.    ;  this,  again,  was  observed  by  the  same  physicist  for  the 

above  alloys  ;  I  shall  return  to  it  a  little  further  on. 

2.  We  know  Ikjw  water  resists  congelation  when  it  is  en- 
closed in  capillary  spaces,  and  to  what  degree  organized  bodies 
can  support  severe  cold  with  impunity  because  their  fluids  are 
enclosed  in  vessels  of  microscopic  minuteness.  In  these  cases 
the  contact-surface  between  the  solid  and  the  liquid,  relatively 
to  the  volume  of  the  latter,  is  enormous. 

3.  But  the  present  theoretic  deduction  is  confirmed  in  an 
unexpected  manner  by  the  remarkable  experiments  of  the 
eminent  physicist  M.  Melsensf,  relative  to  the  truly  astonish- 
ing quantity  of  heat  necessai'y  to  detach  a  volatile  liquid  from 
the  surface  of  a  very  porous  substance  such  as  wood-cliarcoal. 
Permit  me  to  cite  one  of  those  experiments.  28  cubic  cen- 
tims.  of  sulpliide  of  carbon  are  introduced  into  a  Faraday  tube 
containing  30  grams  of  charcoal ;  the  long  branch,  containing 
the  charcoal,  is  introduced  into  a  tin  tube  filled  with  water, 
which  is  slowly  brought  to  ebullition  ;  the  short  branch  of  the 
first  tube  dips  into  a  freezing-mixture  which  is  kept  between 
15°  and  17°  C.  below  zero.  Under  these  conditions  the  water 
must  be  heated  for  more  than  an  hour,  in  order  to  collect  2  or 
3  cubic  centlms.  of  sulphide  of  carbon  in  the  short  branch. 

4.  Lastly,  I  will  mention  a  very  curious  property  of  gun- 
cotton  covered  with  a  very  inflammable  liquid  (for  example, 
benzine,  ether,  sulphide  of  carbon,  &c.)  and  exposed  to  the 
action  of  the  electric  spark  :  the  liquid  alone  ignites  ;  the 
gun-cotton  does  not  explode. 

II.  Let  us  now  suppose  t  invariable,  and  see  what  quantity 
of  heat  must  b(;  supplied  to  cause  the  surface  S  to  vary  be- 
tween the  limits  Si  and  82-     If  Q  denote  this  quantity  of  heat, 

•  "Sur  la  dilatation,  la  chaleur  specitique  cle3  alliages  fusibles,"  &c., 
Bull,  ile  I' Acad.  Hoy.  tie  Bclf/iqn'',  1 87.'),  t.  xxxix.  p.  548. 

t  "  Notes  chiii;irpi','.s  et  ciiiiuico-pliysiques,  5^  note,"  §  "  De  la  tension 
fles  liquide3  volatils  au  contact  dii  charbnn,"  Mem.  Cuaronnes  et  autre.'! 
.Mem.  pahlies par  lAiad.  Roi/.  ilc  Bchjiqiie,  t.  xxiii. 
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we  shall  then  have  : — 

Q=-A(^(S,-SO (5) 

Therefore  the  quantity  of  heat  to  be  supplied  or  withdrawn 
varies  proportionally  to  the  fresh  surface  produced,  S2  — Si. 

This  theorem  can  easily  be  applied  to  some  well-knowii 
phenomena,  such  as  the  ebullition  of  liquids  and  the  fusion  of 
solids. 

1.  When  the  temperature  of  a  boiling  liquid  remains  nearly 
stationary,  the  liquid  is  traversed  by  an  infinity  of  bubbles,  the 
limiting  surfaces  of  which  possess  a  potential  energy  that  in- 
creases in  proportion  to  their  extent ;  each  bubble  therefore 
grows  larger  only  by  cooling  the  liquid  ;  so  that  the  mass 
nmst  be  constantly  heated  to  counteract  this  cooling.  To  this 
cause  of  production  of  cold  must  be  added  further  the  renewal 
of  the  bounding  surface  of  each  bubble,  which  arises  from  the 
volume  comprised  within  each  bubble  becoming  saturated  with 
vapour.  Accordingly  we  conceive  that  the  ebullition  will  be 
the  more  active  (that  is  to  say,  the  greater  number  of  bubbles 
will  be  formed)  the  more  heat  is  supplied  in  the  same  time. 

I  will  add  that  if,  for  want  of  air  dissolved  in  the  liquid  or 
adhering  to  the  sides  of  the  vessel,  all  formation  of  fresh  sur- 
faces within  the  liquid  is  rendered  difficult  if  not  impossible, 
the  temperature  of  the  mass  rises  more  and  more,  and  far 
beyond  that  which  corresponds  to  regular  ebullition ;  in  fact, 
since  the  beautiful  and  celebrated  experiments  of  M.  Donny*, 
we  know  to  what  an  elevated  temperature  one  can  bring  a 
liquid,  without  making  it  boil,  when  the  air  has  been  expelled 
from  it  as  nmch  as  possible. 

My  theory  explains  with  equal  clearness  the  fall  of  tempe- 
rature, sometimes  considerable,  which  is  always  experienced  at 
the  time  of  a  sudden  explosion  of  vapour-bubbles  in  a  liquid 
heated  beyond  its  normal  boiling-point ;  with  respect  to  this 
I  may  refer  to  the  curious  experiments  of  the  English  physi- 
cist Professor  Tomlinsonf.  Thus  my  fonnula  confirms  the 
idea  enunciated  long  since  by  Donny,  and  afterwards  verified 
by  Dufour,  that,  in  order  to  produce  regular  ebullition,  it  suf- 
fices to  pass  through  the  liquid  a  very  light  current  of  any  gas 
whatever. 

*  "  Memoire  sur  la  cobesiou  des  liquides  et  sur  leur  adherence  aux  corps 
solides,"  Mem.Conr.  des  Savants  ctrangers  de  I' Acad.  Roy.  de  Beh/.  t.  xvii. 

t  "  On  some  Phenomena  connected  with  the  boiling  of  liquids,"  Phil. 
Mag.  1875,  vol.  1.  p.  85. 
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Conversely,  if  the  free  liquid  surfaces  disappear  at  the  time 
of  the  condensation  of  the  vapour,  the  potential  energy  of 
which  those  surfaces  were  the  seat  vanishes,  but  is  found  again 
in  the  form  of  heat  sensible  to  the  thermometer.  To  me  the 
])receding  theory  appears  to  show  pcu-fectly  the  origin  and  the 
natures  of  the  latent  heat  of  vaporization  ;  indeed,  taking  for 
our  starting-point  the  incontestable  existence  of  the  potential 
energy  of  a  free  liquid  surface,  we  have  arrived  by  calculation 
at  this  result — that  fiXQvy  enlargement  of  the  surfoce  develops 
cold,  as  every  diminution  or  su[)pression  of  a  free  surface  will 
give  rise  to  a  production  of  heat. 

2.  In  the  second  place,  when  a  solid  body  is  brought  to  a 
temperature  sufficient  to  effect  its  fusion,  the  surface  of  con- 
tact of  the  already  fused  layer  and  the  yet  solid  nucleus  pos- 
sesses negative  potential  energy  ;  that  is  to  say,  if  it  is  de- 
stroyed cold  is  produced.  Now,  with  every  fresh  layer  melted, 
the  primitive  contact-surface  is  re[)Iaced  by  another  which  is 
necessarily  smaller  ;  and  consequently  there  will  be  cooling, 
if  the  heat  supplied  be  not  sufficient  to  compensate  this  effect. 
It  is  evident  that  the  fusion  will  be  by  so  much  the  more 
active  the  more  quickly  the  heat  su})pHed  can  replace  one  con- 
tact-surface by  another  smaller. 

Conversely,  when  solidification  takes  place,  there  are  also 
formed  successive  surfaces  of  contact  between  the  solid  and 
the  still  licpiid  material ;  but  in  this  case,  instead  of  going  on 
diminishing,  the  surfaces  grow  larger  and  larger,  and  must 
consequently  produce  a  progressive  heating.  It  is  thus  that 
formula  (5)  renders  intelligible  the  origin  of  the  latent  heat 
of  fusion. 

III.  Let  us  now  suppose  that  S  and  t  vary  simultaneously, 
as  generally  happens  ;  we  shall  then  necessarily  have  the  com- 
bination of  the  two  preceding  effects  (I.  and  II.)  ;  only,  as  we 
may  easily  convince  ourselves,  the  influence  of  the  surface 
will  far  exceed  that  of  the  temperature.  As  examples  in  con- 
nexion with  the  present  hypothesis  I  may  cite  the  evaporation 
of  liquids,  the  })henomena  referred  to  the  spheroidal  state,  the 
solution  of  solids  in  liipiids,  &c. 

I  shall  not  dwell  upon  these  different  instances,  because, 
after  what  has  been  said  above,  the  formula  can  be  applied 
with  great  facility  ;  but  I  will  endeavour  to  account  for  a  sur- 
prising fact  recently  studied  by  M.  Spring*,  concerning  the 
variations  of  the  specific  heat  in  the  neighbourhood  of  the 
maximum  of  density  of  certain  bodies. 

Rose's  alloy,  innnersed  in  an  oil-bath,  is  gradually  cooled 
from  118°.  The  temperature  falls  rapidly  to  the  point  at 
*  See  the  memoir  ah'eadv  cited. 
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Avhicli  solidification  commences  ;  there  it  maintains  itself,  and 
then  rises  again  a  fraction  of  a  degree,  ending  by  decreasing 
very  rapidly  until  the  alloy  passes  through  its  maximum  den- 
sity ;  at  this  point  the  temperature  reascends  about  7°,  and 
this  in  spite  of  the  cooling,  and  then  descends,  following  a 
regular  course.     Darcet's  alloy  exhibits  similar  phenomena. 

M.  Spring  concludes  from  these  singular  facts  that  it  is  im- 
possible to  determine  the  specific  heat  even  at  the  temperature 
of  the  maximum  density,  since,  notwithstanding  the  cooling, 
the  temperature  rises  a  considerable  quantity.  Now  this  is 
how,  in  my  theory,  I  succeed  in  explaining  in  a  very  simple 
fashion  these  anomalies,  so  contrary  to  all  received  ideas,  pre- 
sented by  the  alloys  of  Rose  and  Darcet,  as  well  as  by 
others  : — 

Let  us  resume  our  equation  (8),  and  apply  it  successively 
to  the  three  temperatures  t',  t" ^  t'" — of  which  the  first  desig- 
nates a  temperature  a  little  above  that  of  the  maximum  density, 
the  second  that  of  the  maximum  density  itself,  and  the  third  a 
temperature  a  little  below  t" \  we  can  then,  accentuating  in 
the  same  way  the  corresponding  values  of  K,  A;,  S,  and  T,  and 
supposing  a  negative  change  of  temperature  (that  is,  a  cool- 
ing) as  in  M.  Spring's  experiments,  write: — 

-Wdt'     ^-k'dt'     +At'd    (S'^'); 
~K"dt"  =-h"dt"   +Kt"d  (S''|^j; 

-li."'dt"'=  -k"'dt"'^M"d  \^"'lj^,Tr)' 

Now,  as  I  have  said  above,  the  variation  of  the  term  which 
depends  on  the  surface  may,  at  least  starting  from  pretty  large 
values  of  S,  be  regarded  as  notably  higher  than  that  of  k. 
Under  these  conditions  the  sign  of  the  observed  specific  heat 
K  would  be  precisely  the  same  as  that  of  the  term  containing 

S  and  -J-.     But  at  the  maximum  of  density  each  of  the  two 

terms  of  the  second  member  cancels  itself;  in  fact,  since  the 
volume  passes  to  "the  minimum,  the  quantity  ■±k"dt"  of  heat 
to  be  supplied  to  cause  the  body  to  pass  from  the  point  which 
immediately  precedes  or  follo^^'s  the  volume  at  the  minimum 
itself  must  be  nil.  As  for  the  term  which  is  a  function  of  S, 
on  the  one  hand  the  surface  S  passes  through  a  luininuim  to 
the  point  we  are  considering  ;  on  the  other,  the  potential 
energy  T"  passes  through  a  maxinmni  (neglecting  its  sign)  ; 
for  the  molecules  of  the  allov  innnorsed  in  the  oil  are  then 
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closer  together  than  on  one  side  or  the  other  of  the  maximum 

dT' 
of  density;   hence  it  follows  that  -^  „  =0,  and  that  conse- 

/      dV'\  ...  at       ^ 

qnontij  r/i  S"   ,  77  I  is  in  like  manner  =0.     It  results  from 

this  reasoning  that  the  quantity  rf  (  S       j  will  change  sign  in 

])assing  through  the  maximum,  and  that,  if  i'or  example  the 
sign  of  that  (juantity  is  positive  innnediately  before  the  maxi- 
mum of  density,  it  will  become  negative  after  passing  through 
the  latter.  Therefore  suppressing  the  terms  in  k^  and  I/'^  as 
too  small  to  change  the  sign  of  the  second  member,  and  repre- 
senting l)y  a  and  /3  the  absolute  values  of  K'  and  K'",  we 
.4iall  have: — 

-  K'  dt'  =  M'd  (  S'  '^')  =  -  ude  ; 
-K."  dt"  =  0; 

-  K"'dt"'  =At"'d  I  ^"'  ^p,  \:=+  I3dt"' ; 
whence 

that  is  to  say,  the  specific  heat  is  positive  at  a  tem})erature 
innnediately  above  that  of  the  maximum  density,  zero  at  the 
maximum,  and  negative  at  a  temperature  below  but  very 
near  it. 

It  would  be  very  easy  to  show  how  the  temperature,  after 
reascending  in  spite  of  the  cooling,  soon  sto])s,  and  ends  by 
descending  ngain.  For  this,  we  have  only  to  admit  that  the 
variables  S  and  T  soon  satisfy  the  condition, 

S  -,—  =  a  constant ; 

S^-~j  becomes  again    =0, 

and  a  new  change  of  sign  is  effected  in  the  value  of  K. 

If  my  demonstration  were  precise,  one  could  perfectly  com- 
prehend the  anomalies  just  spoken  of.  It  will  be  remembered 
that  in  my  first  connnnnication  I  noticed  some  peculiarities  of 
the  same  kind,  observed  by  M.  Jnngk  in  the  vicinity  of  the 
maxinunn  of  density  of  water  :  in  this  li(|uid,  when  absorbed 
by  sand,  there  is  a  lieating  if  the  initial  temperature  is  higher 
than  +4°  C,  while  a  cooling  is  produced  if  that  temperature 
is  below  4-4°  C;  in  like  manner  th(M-e  is  a  diminution  of  tem- 
])erature  when  water  at  0°  is  ab.sovbed  by  snow.  These  results 
would  be  explained  in  an  anjilogous  manner  to  the  i)receding. 
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I  consider  it  a  very  fortunate  circumstance  that  observers 

have  met  with  facts  so  abnormal  in  appearance,  because  these 

latter  give  a  valuable  support  to  my  theory.     In  realitv,  the 

.   "^      cIT 
character  of  the  maximum  or  minimum  of  the  expression  S  — 

for  particular  values  of  S  and  t  necessarily  involves  two  effects 
of  contrary  signs  on  this  side  and  on  that  of  this  particular 
state  of  the  body.  It  hence  follows  that,  if  physicists  had  not 
already  noted  the  striking  irregularities  of  which  I  have  spoken, 
my  theory  might  have  instigated  their  discovery. 

IV.  If  the  consequences  which  I  have  deduced  from  my 
formula  be  verified  not  only  by  the  facts  already  known,  but 
moreover  by  the  experiments  which  it  may  suggest,  it  can  be 
foreseen  of  what  importance  this  theory  will  be  in  thermody- 
namics, in  which  the  state  of  a  body  is  at  pi'esent  regarded  as 
determined  when  the  volume,  the  temperature,  and  the  pres- 
sure supported  by  the  body  are  given.  When  a  liquid,  and 
very  probably  also  when  a  solid  or  a  gaseous  body,  is  in  ques- 
tion, it  will  be  absolutely  necessary  to  take  account  of  the  po- 
tential energy  which  prevails  in  all  the  bounding  surfaces. 

The  investigation  of  this  question  will  be  able  to  be  carried 
on  step  by  step,  in  proportion  as  facts  shall  have  brought  more 
confinnation  to  the  calculations  which  have  served  me  as  a 
basis  for  the  deduction  of  the  various  consequences  enunciated 
in  my  two  communications. 

V.  I  should  now  have  to  investigate  what  are  the  electrical 
phenomena  corresponding  to  the  various  developments  of  heat 
which  have  been  in  question  in  this  note  ;  but  this  is  too  wide 
a  subject  for  any  thing  less  than  a  special  treatise.  I  will,  for 
the  present,  only  say  that,  from  the  numerous  bibliogra|)hical 
researches  which  I  have  already  instituted,  I  hope  to  find  for 
my  theory  a  confirmation  as  complete  in  the  domain  of  elec- 
tricity as  in  that  of  heat. 


VI.  On  the  Chromatic  Aberration  of  the  Eye  in  relation  to 
the  Perception  of  Dista^ice.  By  Silvanus  P.  Thompson, 
B.A.,  B.Sc* 

1.  rj^IIE  experimental  researches  of  Wollaston,  Arago, 
-L  Fraunhofer,  Young,  Matthiesen,  Brewster,  Midler, 
and  Helmholtz  have  left  no  doubt  that  the  eye  has  the  defect 
of  chromatic  aberration.  Hays  of  liglit  of  dissiniilar  colour, 
starting  in  the  same  direction  from  any  luminous   point  and 

*  Commmiicated  by  the  Autlior,  hrtvinjj'  been  read  before  tlie  Physical 
Society,  May  12,  1877. 
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entering  the  eye,  do  not  all  come  to  focus  upon  the  retina  at 
once,  but  the  foci  for  differently  coloured  rays  are  differently 
situated  with  respect  to  the  retina. 

Hence,  so  far  as  the  perception  of  the  distance  of  a  luminous 
object  is  dependent  upon  the  accurate  focusing  of  rays  upon 
the  retina  of  the  eye,  so  far  the  want  of  adjustment  in  the  eye 
introduces  a  source  of  error  into  the  data  of  our  perception. 
If  i\\e.  eye  bo  not  achromatic,  a  blue  object  and  a  red  object  of 
eriual  dimensions  placed  side  by  side  cannot  be  in  focus  at 
once,  and  hence  must  ap])ear  either  unetpially  distant  or  else 
of  unequal  magnitude. 

2.  The  object  of  this  paper  is  to  demonstrate  that  the  fact 
thus  briefiy  sketched  out  affords  a  true  and  legitimate  explana- 
tion of  certain  empirical  rules  of  artistic  practice  relative  to 
the  pictorial  expression  of  distance.  The  existence  and  uni- 
versal recognition  of  such  empirical  rules  has  presented  itself 
as  a  ])roblem  to  the  mind  of  the  writer  for  the  past  six  years  ; 
but  it  is  only  within  the  last  few  months  that  the  solution  now 
offered  has  been  adopted  by  him. 

It  is  proposed  therefore  : — 

I.  To  enumerate  the  various  data  dependent  on  the  eye  and 
not  upon  the  feet  or  other  limbs,  for  the  formation  of  a  per- 
ception of  distance. 

II.  To  discuss  the  weight  to  be  attached  to  the  scseral  data 
under  various  circumstances. 

III.  To  inquire  how  far  these  data  may  be  dependent  upon 
the  apparent  colour  of  an  object,  or  upon  the  formation  of  an 
exact  focus  upon  the  retina  of  the  eye. 

IV.  To  give  a  brief  account  of  some  experimental  results, 
together  with  conclusions  derived  therefrom. 

I.  Data  for  the  Perception  of  Distance. 

3.  The  following  nine  data  niay  be  enilmerated  as  contri- 
buting to  the  formation  of  a  j)erception  of  distance. 

4  {a).  A])parent  motion  of  objects  caused  by  motion  of  the 
observer.  If  we  move  from  onci  })lace  to  another,  or  alter 
the  position  of  the  head,  the  visible  configuration  of  objects 
suffers  a  corresponding  change,  which  by  association  with 
previous  experience  suggests  an  external  system,  of  whose  dis- 
tance this  "  parallax  "  affords  us  an  idea. 

5  {h).  Apparent  change  of  configuration  of  objects  accord- 
ing as  they  are  viewed  with  one  eye  or  the  other.  This  affords 
a  "parallax"  similarly  to  («),  though  on  a  more  limited  scale. 

6  (r").  The  muscular  sensation  of  convergence  or  divergence 
of  the  two  eyes  when  directed  towards  an  object.  This  is  a 
genuine  muscular  perception,  though  guided  by  the  optical 
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])crc'e})tion  of  want  of  positional  adjustment  when  the  corrc- 
sj)onding  parts  of  the  two  images  do  not  fall  upon  the  corre- 
sj)onding  ])oints  of  the  two  retinae. 

7  (d).  Ketinal  magnitude  of  an  object  as  appreciated  by 
the  muscular  effort  of  turning  the  eyeball  so  as  to  bring  the 
parts  of  the  image  successively  into  the  centre  of  the  field 
of  vision. 

8  (<?).  Retinal  magnitude  as  a  sensation  of  excitement  of  a 
certain  area  of  nerve  matter  of  the  retina. 

9  (/).  Tlie  muscular  sensation  of  effort  of  the  ciliary 
muscle  in  the  adjustment  of  the  eye  to  exact  focus.  The 
perception  of  exactness  or  inexactness  of  focus  which  guides 
the  muscular  action  is,  too,  an  optical  effect  in  itself  of  little 
value  as  a  means  of  estimating  distance,  except  in  so  far  as 
it  controls  the  required  muscular  conti'action. 

10  (g).  Binocular  dissimilarity  of  the  images  on  the  two 
retinae,  which,  conspiring  to  give  one  mental  impression,  pre- 
sent slight  differences  that  suggest  the  idea  of  distance. 

11  (/i).  Linear  })erspective.  Under  this  term  I  propose  to 
include,  beside  the  usually  understood  play  of  lines  and 
diminishing  apparent  magnitudes  commonly  spoken  of  as 
])erspective,  such  artificial  means  of  estimating  distance  as 
are  afforded  by  comparison  with  objects  of  known  size 
(figures,  cattle,  &c.),  and  such  notions  of  position,  surface,  &c. 
as  can  be  drawn  from  comparison  Avith  houses  or  other  objects 
of  known  form  and  magnitude. 

12.  (i)  Aerial  Perspective,  in  its  widest  sense.  On  this 
point  Helmholtz  has  most  aptly  remarked*  that  the  brain 
has  the  same  means  for  the  appreciation  of  relative  distance 
as  are  employed  by  the  painter  on  his  canvas ;  and  he  enume- 
rates amongst  these  means  strong  shadows,  bold  relief  in  the 
Ibreground,  obscurity  of  atmosphere,  and  dimness  of  outline, 
in  addition  to  contrasts  with  objects  of  known  size  or  form. 
The  term,  however,  is  often  restricted  to  the  peculiar  altera- 
tion of  the  colour  of  objects  due  to  tlie  intervening  atmo- 
sphere f. 

II.  Relative  Importance  of  foregoing  Data. 

13.  It  is  obvious  that  the  considerations  advanced  in  («), 
(/y),  and  (r)  are   foreign   to  the  present  inquiry,  though  of 

*  '  Popular  Ijectures,'  English  edition,  p.  281. 

t  Mr.  Riisliin's  definition  of  aerial  perspective  is,  from  an  ftrtistic  point 
of  view,  of  value.  "Aerial  perspective  is  the  e:xpression  of  space  by  any 
means  whatsoever,  sharpness  of  edge,  vividness  of  colour,  Sec.  assisted  by 
greater  pitch  of  shadow,  and  requires  only  that  objects  should  be  detached 
from  each' other  by  degrees  of  intensity  mproportioti  to  their  distance.' — 
'Modern  Painters,'  vol.  i.  p.  139. 
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ononnous  importance  in  the  estimation  of  distances  in  general  ; 
for  there  c;ni  be  no  doiiht  that  wlicre  these  means  are  avail- 
able, the  mind  is  guided  to  a  hirge  extent  by  them  in  the  for- 
niaiion  of  an  estimate  of  distance,  unless  carefully  trained  to 
disregard  them  and  to  depend  on  other  circumstances,  or 
unless,  as  may  happen  to  individuals,  some  physiciil  injury 
has  occurred  to  render  the  eye  abnormal.  With  respect  to 
the  consideration  advanced  in  (p),  I  have  some  reason  to 
doubt  whether  we  really  do  judge  ap]xarent  distance  by  the 
muscular  sensations  of  the  external  and  internal  recti  muscles 
of  the  eye.  Stereoscopic  pictures  apjjear  to  me  equally  "  solid  " 
whether  in  a  Wheatstone's  reflecting  stereoscope,  a  Brewster's 
lenticular  with  prism-shaped  lenses,  or  a  Helmholtz's  with 
parallel  axes,  or  by  superimposition  by  effort  of  the  recti 
nmscles,  in  each  of  which  cases  a  different  convergence  is 
required.  Moreover  it  would  be  very  inconvenient  if  our 
estimate  of  distance  depended  on  the  action  of  these  muscles, 
as  they  are  peculiarly  liable  to  fatigue. 

14.  Retinal  magnitude,  to  use  the  term  adopted  by  Wheat- 
stone,  whether  regarded  in  its  muscular  (rf)  or  its  optical  (g) 
sense,  affords  only  an  indirect  ineans  of  estimating  distance 
by  association  with  ideas  previously  acquired  concerning  the 
retinal  dimensions  of  objects  of  known  size  at  known  distances. 
Nothing  is  more  easy  than  deception  arising  from  this  cause. 
We  constantly  hear  the  magnification  of  the  telescope  spoken 
of  as  though  the  enlargement  of  the  retinal  image  produced 
the  same  effect  as  if  the  object  were  brought  so  near  to  the 
eye  as  to  yield  a  retinal  image  of  equal  area.  This  is  evidently 
not  the  case,  as  the  distant  object,  however  much  magnified  in 
the  telescopic  image,  is  still  seen  by  rays  travelling  in  paths 
nearly  parallel  to  each  other,  and  not  containing  angles  as 
great  as  those  contained  by  rays  proceeding  from  an  object 
really  near.  Hence  a  telescopic  presentation  of  an  object  is 
flatter  than  the  object  itself  appears  when  brought  sufficiently 
near  to  give  a  retinal  image  of  equal  magnitude. 

15.  The  fallacy  of  judging  distances  by  ap})arent  magnitude 
is  made  evident  by  the  absurd  comparisons  often  made  between 
the  sun  or  moon  and  other  objects,  some  individuals  compa- 
ring them  to  the  size  of  a  coin,  a  plate,  or  a  cart-wheel. 
Comparatively  few  persons  could  at  once  tell  you  correctly 
which  appears  the  larger,  the  setting  sun  or  a  threepenny- 
piece  held  at  arm's  length — the  fact  being  that  the  angular 
magnitude  of  the  latter  exceeds  that  of  the  former. 

16.  The    follow^ing  experiment*   illustrates  a  remarkable 

*  My  attention  was  first  drawn  to  tliis  curious  fact  by  Mr.  .Joseph 
Beck,  of  tlie  eminent  firm  of  iSmitli  and  Beck. 
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power  of  accommodation  of  the  eye  to  the  requirements  of  the 
mind  in  respect  of  retinal  magnitude.  Place  under  a  stereo- 
scope a  penny  and  a  halfpenny,  having  the  "  heads  "  of  both 
coins  placed  upAvards  and  similarly.  You  shall  see  but  one 
coin  when  looking  with  the  two  eyes,  especially  if  you  expect 
no  dissimilarity  and  do  not  use  the  eyes  alternately.  There 
are,  on  the  other  hand,  experiments  of  Helmholtz,  Fechner, 
and  Volkmann  *  which  go  to  prove  that  the  retinal  magnitude, 
as  appreciated  by  the  muscular  sweep  of  the  eye,  affords  a 
fairly  accurate  means  of  comparison  of  the  angular  magni- 
tudes and  positions  of  two  objects  in  the  field  of  vision  whose 
images  can  be  successively  brought  upon  the  same  spot  of  the 
retina.  This  involves,  however,  the  question  of  the  persistence 
of  visual  impressions,  without  which  such  a  comparison  of  re- 
tinal magnitudes  might  be  quite  fallacious. 

17.  The  sensation  (f)  of  tension  of  the  ciliary  muscle  is  a 
very  delicate  means  of  estimating  near  distances,  and  is  a 
sensation  capable  of  training  to  a  considerable'  nicety.  In 
October  1870  the  writer  was  unable  to  perceive  any  difference 
of  strain  of  adjustment  to  vision  between  distances  of  4  yards 
and  400  yards.  At  the  present  time  he  is  conscious  of  a  dif- 
ference of  tension  when  the  eye  is  directed  to  objects  15  yards 
and  300  yards  distant  respectively,  and  this  with  either  eye. 
I  insist  on  this  means  of  estimation  of  distance,  because  it  is, 
for  monocular  vision,  of  even  more  importance  than  the  mus- 
cular sensation  of  cou^'ergence  of  the  optic  axes  is  for  binocu- 
lar Adsion. 

18.  The  researches  ofWheatstone,  Brewster,  Dove,  Helmholtz, 
Briicke,  Miiller,  Pood,  Volkmann,  and  Wundt  upon  the  stereo- 
scopic presentation  of  objects  resulting  from  the  binocular  dissi- 
milarity of  the  two  retinal  images  (g)  illusti-ate  the  importance 
of  this  fiict  of  binocular  vision.  Wheatstone's  pseudoscope 
proved  the  point  by  a  reductio  ad  ahmrdnm  ;  and  an  equally 
conclusive  proof  is  obtained  by  cutting  a  stereoscopic  slide 
in  two  and  placing  the  halves  in  laterally  reversed  position 
under  the  stereoscope.  I  have,  however,  experimentally  found 
that  considerations  of  colour  may  sometimes  outweigh  the 
judgment  founded  by  the  eye  upon  the  element  of  dissimi- 
larity. I  drew  a  pattern  of  two  squares  of  four  blue  lines  each 
upon  paper,  and  within  each,  and  outside  each,  centrally  de- 
scribed circles  in  red.  When  this  pattern  was  viewed  in  the 
stereoscope,  the  blue  squares  seemed  to  draw  back  from  the 
eye.  I  then  traced  some  of  Moser's  crystal  forms  from  the 
well-known    lithograj)hed  stereoscopic    slides,    colouring   the 

*  Helmboltz,  'Popular  Lectures,'  p.  270;  and  rhysiologischc  Optih, 
pp.  522-524  and  542. 
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front  lines  of  the  crystjils  with  ultramarine,  and  the  back  lines 
with  vermilion.  Severnl,  though  not  all,  of  these  when  plac(!cl 
in  the  st(^reosco})o  refused  to  a])pear  of  their  true  form,  the 
blue  lines,  whose  positions  would  stereographically  give  a 
front  presentment,  retiring  behind  the  red  lines  of  the  crystal. 
That  the  mind  does,  however,  hal>itually  make  use  of  the 
dissimilarity  of  binocular  vision  is  (evident  from  the  old  trick 
of  looking  with  one  eye  through  a  short  tube  while  attempting 
to  walk  up  to  a  suspended  ribbon  and  cut  it  with  a  j)air  of 
scissors.  Yet  persons  who  have  the  use  of  but  one  eye  find 
no  difficulty  m  performing  the  task  ;  and,  with  practice,  the 
feat  becomes  easy  if  the  distance  be  carefully  estimated  by  the 
sensations  of  ocular  focus.  The  linear  distance  between  the 
two  eyes,  however,  sets  a  limit  to  the  range  of  hal)itual  esti- 
mates of  distance  founded  on  the  fact  of  binocular  dissimila- 
rity ;  and,  as  Mr.  liuskin  has  observed*,  it  is  possible  to  see, 
and  to  see  in  focus  together,  the  extreme  distance  and  the 
middle  distance  of  a  landsca[)e,  though  the  foreground  and 
distance  cannot  so  be  seen  together. 

19.  I  cannot  here  dwell  upon  questions  involving  linear 
perspective  (h).  The  various  considerations  upon  which  linear 
perspective  becomes  a  basis  for  the  perception  of  distance  are 
purely  associative — mental  rather  than  optical,  geometrical 
rather  than  physical. 

20.  1  pass  on,  therefore,  to  aerial  perspective  (^);  the  various 
definitions  of  which  may  be  summed  uj)in  one  as  the  expres- 
sion of  distance  by  colour.  A  distant  hill  looks  bluer  than  a 
less  distant  one  by  reason  of  the  slight  opacity  of  the  intervening 
atmosphere  ("sky  ");  and  its  blueness  is  in  some  manner,  to 
a  normal  eye,  afar  truer  measure  of  irs  distance  than  any  one 
of  the  considerations  yet  treated  of.  The  blueness  thus  exist- 
ing in  nature  varies  with  the  changing  conditions  of  atmo- 
sphere, and  hence  is  liable  to  be  fallacious  when  the  atmo- 
spheric conditions  are  unfamiliar.  Thus  in  Smith's  '  Optics' 
it  is  narrated  of  Bishop  Berkeley  that,  when  travelling  in  Italy 
and  Sicily,  he  thought  the  cities  as  he  approached  them  two  or 
three  miles  too  near,  by  reason  of  the  unfamiliar  transparenc}'  of 
the  air. 

*  Mr.  Ruskiu  advances  this  poiut  in  defence  of  tLe  practice  of  land- 
scape-painters in  leaviup:  foregrounds'  sketchy  and  unfinished,  maintain- 
ing that  they  should  exhibit  "  a  decisive  imperfection,  a  firm  but  partial 
assertion  of  form  which  the  eye  feds  indeed  to  be  dose  home  to  it,  and 
yet  cannot  rest  upon,  nor  cling  to,  nor  entirely  understand,  and  from 
which  it  is  driven  away  ol'  necessity,  to  those  parts  of  distance  cm  which 
it  is  intended  to  repose." — '  Modern  Painters,'  vol.  i.  pp.  IS."^}  and  184, 
note.  Mr.  Rusldn  adds  that  Turner  was  the  first  to  introduce  this  treat- 
ment into  landscape  art. 
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III.  Bearing  of  Chromatic  Aberration  iipon  the 
foregoing  Data. 

21.  Taking  the  chromatic  aberration  of  the  eye  as  an  estab- 
lished matter  *,  it  is  now  time  to  inquire  how  far  these  various 
considerations  are  aifected  by  the  fiict  that  rays  of  different 
colours  have  different  focal  length  in  the  eye. 

22.  Obviously  all  estimates  of  distance  which  depend  on 
retinal  magnitude  are  liable  to  be  influenced  by  colour. 
This  may  easily  be  verified  by  taking  two  equal  disks  of 
red  and  blue  paper  and  placing  them  upon  a  black  back- 
ground. It  will  be  found  impossible  to  get  a  perfectly  di- 
stinct imacre  of  both  at  once,  one  or  other  being  out  of  focus, 
and  therefore  blurred  at  the  edge  and  larger  ;  or  if  no  dif- 
ference in  size  appears,  one  (the  blue  one)  will  appear  more 
distant.  The  experiment  may  be  varied  by  giying  various 
sizes  and  shapes  to  the  coloured  disks,  but  -with  the  same 
result,  especially  if  the  disks  be  looked  at  with  one  eye 
only.  Orange  and  green  disks  may  answer  the  purpose, 
but  not  so  well  as  disks  of  red  and  blue,  as  these  colours 
are  most  widely  separated  on  the  spectrumj. 

23.  On  this  account  I  am  disposed  to  think  that  retinal 
magnitude  has  little  to  do  with  the  appreciation  of  distance, 
except  in  the  case  of  objects  whose  magnitude  and  tint  are 
familiar  to  us  ;  and  I  shall  show  other  reasons  for  the  opinion. 
Hence  I  regard  as  very  imperfectly  true  the  statement  of  the 
late  Sir  Charles  Wheatstone,  in  the  Bakerian  Lecture  for 
1852  I,  that  "Convergence  of  the  optic  axes  therefore  sug- 
gests fixed  distance  to  the  mind ;  variation  of  retinal  magnitude 

*  In  1835  Brewster  wrote ;  "  1  consider  the  non-achromatism  of  the  eye 
as  a  fact  as  well  established  as  any  other  fact  in  natural  philosophy,' 
Phil.  Mag.  1835,  p.  161. 

t  Brewster  called  attention  to  similar  phenomena  produced  by  coloured 
outlines  in  '  Brit.-Assoc.  Keport,'  1848,  p.  4S,  "  On  the  Msiou  of  Distance 
as  given  by  Colour."  He  there  gives  a  rather  laboured  explanation,  com- 
paring the  vision  of  different  distances  for  the  ditfereutly  coloured  lines  to 
the  phenomena  of  the  lenticular  stereoscope.  He  adds  that "  the  difference 
of  distance  of  the  coloured  lines  or  spaces  may  be  appreciated  even  with 
one  eye."     Compare  also  Helmholtz,  Pht/siulof/ische  Opfik,  p.  045. 

Compare  also  an  experiment  with  a  disk  of  black  paper  on  a  background 
of  pale  ultramarine,  bv  Prof.  0.  N.  Rood,  '  Silliman's  Journ."  xxxi.  1801, 
pp.  343,  344. 

There  is  little  doubt  that  Wheatstone's  phenomenon  of  the  ''Fluttering 
Hearts  "  (see  '  Brit.-Assoc.  Rep.'  1844)  is  due  to  the  attempt  of  the  eye 
to  focus  for  adjacent  spaces  of  coloiu's  of  unequal  refrangibility,  which 
could  not,  therefore,  be  in  distinct  focus  at  one  time.  The  same  peculiar 
fluttering  is  observed  when  white  objects  on  a  dark  ground  are  observed 
through  a  purple  solution  of  permanganate  of  potash. 

X  Phil.  Trans.  1852,  p.  4. 
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suggests  change  of  distance."  I  think  that  the  muscular  sen- 
sation of  convergence  of  the  eyeballs  serves  rather  to  give  an 
idea  of  rate  of  change  of  distance*  ;  and  I  have  just  indicated 
the  cases  to  which  variation  of  retinal  magnitude  are  limited. 

24.  In  Wheatstone's  classical  research  of  1838  it  was  de- 
monstrated how  great  is  the  capacity  of  the  brain  to  combine 
together  two  slightly  ditfering  retinal  images.  This  faculty 
once  admitted,  however  explained,  renders  it  unnecessary  here 
to  discuss  how  far  the  inexactness  of  focus  for  any  particular 
tint  is  concerned  in  binocular  vision.  In  the  present  paper  it 
nmst  suffice  to  treat  of  the  non-achromatism  of  tlie  aye  in  its 
relation  chiefly  to  monocular  vision.  And,  for  reasons  stated 
in  §  19,  we  shall  omit  further  reference  to  linear  perspective, 
since  its  rcslation  to  our  jx^rception  of  distance  is  not  based 
upon  apparent  colour,  or  upon  the  formation  of  an  exact 
retinal  focus. 

IV.  Experimental  Results,  and  Deductions. 

25.  Fraunhofer  t  is  generally  credited  with  the  tirst  careful 
attem[)t  to  measure  the  chromatic  aberration  of  the  eye.  His 
method  of  experiment  consisted  in  placing  a  wire  in  the 
l)rincipal  focus  of  a  telescope,  in  which  tin;  focus  was  then 
obtitined  by  the  adjustment  of  the  lenses  of  an  achromatic 
eyepiece.  The  theoretical  adjustment  to  distinct  vision  for  the 
various  coloured  rays  was  then  calculated  and  compared  with 
the  actual  adjustment  ;  and  the  difference  b(;tween  theory  and 
observation  was  assumed  to  measure  the  aberration  of  the  eye. 
The  method  is  at  best  only  indirect ;  and  there  appears  to  be 
some  doubt  whether  in  the  critical  experiments  an  achromatic 
object-glass  as  well  as  an  achromatic  eyepiece  was  employed. 
Nevertheless,  under  the  conditions  of  the  experiment,  the 
measurements  were  very  accurately  made,  and  are  therefore 
invaluable. 

2(J.  I  have  found  the  most  satisfactory  exhibition  of 
chromatic  aberration  to  be  manifested  when  a  solution  of 
permanganates  of  potash  was  employed,  in  a  narrow  glass 
trough,  as  a  medium  to  intercept  the  middle  rays  of  the 
spectrum.  I  have  also  tried  solutions  of  iodine,  and  cobalt 
glasses  of  various  depths  of  tint  ;  but  none  are  so  satisfactory. 
For  some  experiments  I  have  employed  a  piece  of  thin  cobalt 
glass  in  conjunction  with  a  solution  of  permanganate.  By 
this  means  I  have  obtained  media  transmitting  red  and  blue- 

*  See  a  carious  little  footnote  by  Mr.  A.  J.  Ellis  at  p.  07  of  his  edition 
of  Helmholtz's  '  Sensations  of  Tone.' 

t  See  Gilbert's  Annalen,  hi.  1814,  p.  304:  Ilelnihnltz.  Ph'/.siol.  Optik, 
p.  128;  Brcvvjiter,  -Kdin.  PLil.  Jouru,'  xi.\.  p.  25. 
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violet  rays  freely,  but  totally  opaque  to  all  rays  between  D 
and  E,  and  nearly  opaque  to  rays  from  C  to  D  in  the  orange, 
and  from  E  to  F  in  the  green  and  blue. 

27.  A  silvered  bead  placed  in  the  sunlight,  and  viewed 
through  such  a  medium  can  by  no  possibility  be  seen  with 
accurate  focus  for  all  rays.  It  appears  either  as  a  near  red 
point  of  light  surrounded  by  a  blue  haze,  or  as  a  distant 
blue  light  surrounded  by  a  red  haze  *.  The  point  of  light 
seems  to  change  distance  from  far  to  near,  or  from  near  to  far, 
with  the  effort  of  the  eye.  This  effect,  however,  is  only  to 
be  well  observed  when  the  intensities  of  the  red  and  blue  rays 
are  about  equal  ;  for  if  either  predominate,  the  eye  Avill  focus 
for  the  brighter  unless  special  care  is  taken  to  adjust  and  keep 
the  required  focus. 

28.  The  researches  of  Jurin,  Schreiner,  Miiller,  Powell,  and 
Trouessart  have  tended  in  favour  of  the  view  that  the  eye  is 
achromatic  at  least  for  objects  at  the  centre  of  the  field  of 
vision,  when  distinctly  in  focus.  The  fundamental  illustration 
of  this  view  is  as  follows  : — Take  any  visible  white  object — say 
a  square  inch  of  white  paper  upon  a  black  background.  If 
the  eye  be  focused  for  a  distance  beyond  the  white  surface, 
it  will  appear  blurred  at  the  edges,  being  tinged  outwardly 
with  orange-yellow,  inwardly  with  blue.  But  if  the  eye  be 
focused  for  a  point  nearer  than  the  white  surface,  it  will  ap- 
pear tinged  outwardly  with  blue,  inwardly  with  orange-yellow, 
while  at  exact  focus  these  bordering  tints  disappear.  To 
explain  this  seeming  achromatism  of  the  eye  it  was  argued 
by  Wollaston,  Young,  Miiller,  and  Matthiesen  that  the  rays 
passed  almost  without  refraction  along  the  axis  of  the  eye,  and 
therefore  suffered  no  dispersion  f.  On  the  other  hand,  in  my 
own  experiments  Avith  permanganate-of-potash  solution  to 
intercept  the  yellow  and  green  rays,  I  have  never  been  able 
to  obtain  a  luminous  surface  small  enough  to  be  free  from  aber- 
ration at  the  edges — which  proves  that  the  focus  is  really  not 
exact.  The  rays  of  the  middle  of  the  spectrum,  being  more 
intense,  mask  the  effects  of  the  feebler  rays  ;  and  the  eye 
focuses  for  the  more  intense  light,  as  I  have  mentioned  in 
§27. 

29.  If,  on  the  contrary,  a  weak  solution  of  picrate  of 
potash  be  employed  as  a  screen   to  cut  off  the  extreme  red 

*  This  effect  may  be  shown  objectively  to  an  entire  audience  by  casting 
beams  of  light  from  a  lamp  through  such  a  piu'ple  medium  upon  a  silvered 
ball. 

t  Baden  Powell  contended  that  the  refraction  and  dispersion  of  the 
vitreous  humour  being  in  the  opposite  sense  to  that  of  the  crystalline  lens, 
aqueous  humour,  and  cornea,  compensated  the  dispersion  for  axial  pencils. 
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and  violet  rays,  it  is  veiy  difficult  with   ani/  focus  to  observe 
the  tinted  inai'oins, 

30.  Moreover  the  apparent  aehroniatisni  of  the  experiment 
above  mentioned  is  only  found  with  pencils  nearly  coincident 
with  the  axis  of  the  eye.  Oblique  pencils  always  give  tinted 
margins  in  white  light.  This  may  be  verified  by  looking  at  a 
set  of  concentric  circles  in  white  and  black.  If  the  eye  bo 
steadily  focused  for  the  white  centre,  no  colours  are  seen  at 
its  margin,  but  may  be  observed  at  the  inner  and  outer  edges 
of  the  otlier  circles.  I  have  always  found  it  possible  to  get 
yellow  exterior  margins  to  a  white  object  at  any  distance  ; 
that  is,  I  have  always  found  it  possible  to  focus  for  a  further 
distance  ;  but  not  vice  versa. 

31.  If  a  square  of  white  paper  be  carefully  tinted  around 
the  edge  with  blue,  and  laid  on  a  black  ground,  it  appeai-s 
further  off  than  a  perfectly  white  square  of  the  same  size 
beside  it,  since  the  blue  margin  helps  to  correct  the  yellow 
rays  that  surround  the  image  at  a  longer  focus.  In  short,  a 
blue-edged  square  appears  like  a  white  square  looked  at  with 
too  near  a  focus.  The  opposite  effect  is  observed  with  a 
margin  tinted  yellow. 

32.  1  adjusted  a  lenticular  stereoscope  to  easy  focus,  then 
placed  in  it  a  sheet  of  white  paper  having  two  equal  circles 
1  centim.  in  diameter,  described  upon  it  at  the  appropriate 
distance — one  red,  the  other  blue.  The  joint  effect  of  these 
two  gave,  a])parently,  a  combination  of  a  red  circle  with  a 
slightly  larger  one  of  blue.  On  drawing  a  slightly  smaller 
circle  of  blue,  with  the  circle  of  red  as  before,  they  appeared 
to  give  exact  coincidence. 

33.  Knowing  the  i)Ower  of  the  eye  to  reconcile  retinal 
images  in  magnitude  (see  §  16),  I  placed  in  the  stereoscope  a 
penny  coloured  blue  and  a  halfpenny  coloui-ed  red.  They 
refused  to  be  seen  as  one  o))ject.  On  replacing  them  by  a 
red  penny  and  a  blue  halfpenny,  coincidence  was,  with  some 
difficulty,  obtained. 

34.  My  next  experiments  attempted  the  direct  estimation 
of  the  distance  of  objects  by  the  focus  of  tlie  eye  apart  from 
other  means  of  estimation.  A  conical  tube  of  metal,  blackened 
interiorly,  was  taken,  through  which  only  a  limited  field  of 
view  was  possible,  the  eye  being  placed  at  the  smaller  aperture. 
In  front  of  this  tube  a  screen  of  blackened  cardboard  was 
placed,  capable  of  adjustment  to  any  distance  from  10  centims. 
to  350  centims.  from  the  tube,  and  covered  the  entire  field  of 
view.  Coloured  glasses  could  be  introduced  in  front  of  the 
tube.  The  ol)jects  displayed  upon  the  cai'dboard  screen  in  the 
centre  of  the  field  of  vision  were  irregularly  shaped  pieces  of 
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white  paper.  These  were  cut  by  an  assistant  and  adjusted — 
their  distance  and  size  being  unknown  to  the  observer,  and 
Aaried  between  each  experiment.  Hence,  under  the  condi- 
tions given,  the  eye  could  form  no  judgment  of  distance 
based  upon  apparent  magnitude,  upon  parallax,  or  upon 
apparent  form  or  shadow  ;  the  estimation  depended  solely 
upon  the  muscular  sensation  of  adjustment  to  focus.  After  a 
little  practice  this  became  moderately  easy  with  white  light, 
and  the  estimations  were  fairty  within  limits.  With  a  screen 
of  yellow  glass  interposed  no  ditference  was  experienced. 
When  a  ruby-red  glass  was  employed,  however,  the  estimations 
were  generally,  though  not  invariably,  too  small,  and  with  a 
cobalt-blue  glass  generally  (though  not  invariably)  too  great. 
The  following  is  the  mean  of  six  experiments  taken  at  random 
from  a  number  made  with  a  red  glass,  and  of  another  six  from 
those  made  with  a  blue  glass. 

Red.  Blue. 

Mean  real  distance 208  centims.  178  centims. 

Mean  estimated  distance  163'1     ,,  U)D       ,, 

35.  When  a  solution  of  permanganate  was  employed  in 
conjunction  with  a  blue  glass,  giving  equal  intensities  of  red 
and  blue  rays,  the  attempt  to  estimate  the  distance  of  the 
white  pieces  of  paper  became  perplexing  in  the  extreme.  The 
object  seemed  to  be  moving  backwards  and  forwards  as  the 
focus  changed  from  red  to  blue  and  blue  to  red. 

36.  After  about  forty  experiments  with  blue  and  red  glasses, 
the  errors  became  less.  Evidently  the  etfect  of  practice  was  to 
sophisticate  the  result,  the  mind  knowing  the  probable  result 
beforehand,  and  making  allowance  involuntarily.  The  forty 
experiments  were  not  all  made  at  one  time,  because  the  eye 
becomes  fatigued  when  experimentation  is  prolonged  ;  and  as 
in  my  own  case  with  fatigue  partial  astigmatism  sets  in,  I  was 
careful  to  test  my  vision  from  time  to  tune,  to  avoid  error  from 
this  source  *. 

37.  Every  book  on  Art  will  tell  us  that  blue  is  a  "  retiring" 
colour,  while  red  is  an  "  advancing  colour."     For  long  I  had 

*  Since  the  experimental  results  recounted  in  this  paper  have  been 
chiefly  obtained  with  my  own  eyes,  it  may  be  well  to  state  the  following 
particulars : — For  objects  in  centre  of  field  of  vision  there  is  no  trace 
of  colour-blindness  ;  neither  eye  is  astigmatic  when  not  fatigued :  their 
range  of  accommodation  is  from  11  centims.  to  intinity,  and  with  good 
definition  at  all  ranges  ;  the  blind-spots  are  distinct,  the  foveje  centrales 
well  formed  and  sensitive;  tliere  is  no  difficulty  in  perceiving  Purlciuje's 
figures  and  Ilaidinger's  bruslies  and  lavender  streaks.  Let  me  add,  as 
a  tost  of  definition,  that  on  a  clear  niglit  I  can  easily  see  twelve  stars  of 
the  Pleiades. 
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boon  convinced  that  these  alleged  characteristics  M'ere  some- 
thing more  than  associations  with  blue  sky  and  red  rocks  ; 
and  the  universality  and  tenacity  with  which  artists  pronounce 
this  opinion  is  surely  indicative  of  a  reality  somewhere.  The 
opinion  of  Goothe  on  this  point  sums  uj)  the  whole  matter. 
1  (juote  fi'oni  Sir  Chas.  Eastlake's  edition  of  the  '  Farben- 
l(dn-e  '*. 

"  As  the  upper  sky  and  distant  mountains  appear  blue,  so  a 
blue  surface  seems  to  retire  from  us." 

"  Rooms  which  are  hung  with  pure  blue  a})pear  in  some 
degree  larger,  but  at  the  same  time  empty  and  cold." 

6^.  So  the  blueness  of  the  lower  misty  air  may,  as  Alpine 
travellers  know,  cause  tlie  base  of  a  mountain  actually  to  ap- 
})ear  more  distant  than  its  summit.  Mr.  Jiuskin  has  noted 
this  in  his  '  Modern  Painters  ^f  ;  and  the  fact  has  been  familiar 
to  artists  for  centuries,  having  been  described  by  Leonardo 
Da  Vinci  in  his  Trattato  della  Pittura,  and  is  alluded  to  by 
(xoethe, 

39.  The  sun  and  moon  when  red  at  setting  or  rising,  and 
the  moon  when  red  in  total  eclij)se,  look  nearer — or,  some 
])eople  say,  larger — than  at  other  times. 

40.  For  the  sake  of  giving  prominence  or  nearness  to  the 
foreground  of  a  picture,  painters  will  contrive  to  introduce  a 
scarlet  flower,  or  n  patch  of  red  rock,  or  a  figure  dressed  in 
red — a  {)ractice  sanctioned  and  well  known  in  Art,  but  quite 
iuexplicabl(>  except  on  the  train  of  reasoning  we  have  been 
attempting  to  follow. 

41.  The  immense  importance  of  these  facts  of  physical  and 
physiological  optics  has  long  been  recognized  in  Art.  The 
study  of  aerial  perspective  has  been  carried  long  since  to  a 
})itch  that  renders  it  wurtliy  to  be  put  upon  a  basis  more  than 
merely  empirical.  Then^  can  be  little  doubt  that  other 
empirical  laws  may  be  similarly  accounted  for.  Visitors  to 
picture-galleries  may  be  constantly  observed  scanning  a  land- 
scape through  a  rolled  up  catalogue,  or  under  the  arched 
fingers  of  i\\Q  hand.  Is  there  not  an  explanation,  too,  for 
this  ?  The  square  frame  of  gold  asserts  the  flatness  of  the 
surface,  and  prevents  the  mind  from  realizing  that  which  the 
eye  perceives — that  all  the  rays  of  light  do  not  focus  at  once 
upon  the  retina,  but  that  each  tint  retires  or  advances  to  its 
own  a})propriate  distance.  Landsca])es  without  figures  or 
architecture,  especially,  are  improved  by  this  method  of  treat- 
ment ;  and  the  reason  is   i)lain  :  in  them  the  eye  judges  the 

*  Goethe's  'Theory  of  Colours,'  traualated  by  SirCL.  Eastlake,  R.A., 
T.R.S.     (London :  1840),  p.  31 1.  par.  7^0  and  788. 
t  Vol.  i.  p.  182. 
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scene   by  colour,  not  by  retinal   magnitudes  or  binocularly 
compound  sensations. 

42.  I  have  endeavoured  to  ap{)ly  the  method  of  experi- 
mentation in  another  direction.  Take  any  picture  in  which 
there  are  well-expressed  foregrounds  and  distances,  and  look 
at  it  through  the  coloured  media  employed  in  the  earlier 
experiments.  If  the  facts  of  distance  are  expressed  only 
indirectly,  by  suggestions  of  magnitude,  by  linear  perspective 
of  vanishing  lines  and  the  like,  the  interposition  of  a  red  or  a 
blue  glass  will  produce  little  effect,  except  that  the  latter  may 
deaden  the  intensity  of  the  shadows.  If,  however,  the  ex- 
pression of  distance  in  the  picture  is  accomplished  chiefly 
by  aerial  perspective  (that  is  to  say,  by  colour),  a  red  glass 
will  almost  destroy  the  intelligibility  of  the  picture,  while  a 
blue  glass  will  draw  out  the  distances  in  a  marked  manner. 

43.  Reflecting  how  useful  is  the  purpose  subserved  thus 
by  the  non-achromatism  of  the  eye,  I  consider  it  probable  that 
if  the  eye  were  so  constructed  as  to  be  originally  achromatic, 
having  usually  blue  distances  and  red-brown  foregrounds  to 
look  at,  it  would,  by  an  inevitable  process  of  natural  selection, 
develop  into  a  non-achromatic  instrument. 

Summary  and  Recapitulation. 

44.  I  would  conclude  therefore  : — 

(a)  That  the  muscular  sensation  of  the  adjustment  to  focus 
of  the  lenses  of  the  eye  affords  a  possible  means  of  estimating 
distances. 

(^)  That  when  binocular  methods,  and  those  depending  on 
association  of  visible  form  or  magnitude  fail,  the  eye  falls 
back  on  colour  as  a  means  of  estimating  distance. 

(7)  That  estimates  of  distance  founded  on  apparent  mag- 
nitude are  liable  to  be  rendered  fallacious  by  the  colour  of 
the  object. 

(8)  That,  conversely,  estimates  of  distance  founded  on 
colour  are  liable  to  be  confused  by  apparent  magnitude. 

(e)  That  colour  may  in  some  cases  outweigh,  as  a  criterion, 
the  evidence  of  binocular  vision. 

(^)  That  the  chromatic  aberration  of  the  eye  accounts  for 
the  universal  opinion  of  painters  as  to  the  "  retiring  "  character 
of  blue,  and  the  "  advancing  "  character  of  red  tints. 

(77)  That  Aerial  Perspective  in  Art  is  a  true  expressic^n  of  a 
physical  fact  in  the  perct'ption  of  distance. 

University  College,  Bristol, 
May  8,  1877. 
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Vll.  Note  on  a  Curious  Effect  of  Absorption  of  Light. 
By  SiLVANus  P.  Thompson  *. 

"TTTHEN  experimenting  upon  the  chromatic  aberration  of 
»  »  the  eye,  I  had  occasion,  as  mentioned  in  a  recent 
cominnnicration  to  the  Physical  Society,  to  employ  aqueous 
solutions  of  permanganate  of  potash  of  various  degrees  of  den- 
sity as  absorbing  mcMlia.  It  is  well  known  that  solutions  of 
this  sah,  when  sutliciently  dense,  al)Sorb  all  the  rays  of  the 
middle  portion  of  the  spectrum,  while  freely  transmitting  red, 
blue,  and  violet  rays.  Desiring,  for  the  purposes  of  experi- 
ment, to  obtain  a  medium  which  should  transmit  in  equal  in- 
tensity the  two  groujts  of  rays  of  greatest  and  least  refrangi- 
bility,^  I  found  it  advisable  to  somewhat  reduce  the  intensity 
of  the  red  rays  by  passing  the  beam  of  light  througli  a  thin 
glass  plate  tinted  with  pale  cobalt.  This  plate  was  placed  in 
front  of  the  glass  trough  containing  the  permanganate  solu- 
tion. The  compound  medium  was  totally  opaque  to  rays  be- 
tween lines  1)  and  E,  nearly  opaque  to  rays  between  C  and 
1)  in  the  orange  and  between  E  and  F  in  the  blue. 

The  surfaces  of  objects  reflecting  ordinary  white  light,  when 
viewed  through  this  medium,  possessed  a  remarkable  shimmer 
or  lustre  (almost  like  the  "  stereoscopic  lustre  "  of  Dove),  as  if 
there  were  two  surfaces  both  reflecting  light — a  red  surface, 
and  a  blue  surface  behind  it  and  seen  through  the  red  surface. 

When  a  coloured  tablecloth  or  car])et  was  viewed  through 
the  medium,  the  portions  coloured  yellow,  orange,  or  red  ap- 
peared all  equally  red,  and  to  be  standing  up  above  the  surface 
in  a  plane  nearer  to  the  eye.  The  other  portions  (those  of  blue 
or  green  tint)  appeared  all  alike  of  a  blue-violet  and  as  if  sunk 
to  a  lower  plane. 

On  observing  a  landscape-painting  a  similar  etfect  was  pro- 
duced, the  blues  and  greys  of  the  picture  appearing  of  a  blue- 
violet,  while  all  the  yellows,  reds,  and  even  the  bright  greens 
of  the  picture  stood  out,  in  deep-red  tints,  almost  detach(;d 
from  the  plane  of  the  picture. 

On  turning  from  coloured  drawings  to  an  actual  spring 
landscape  the  same  startling  ])h('nomenon  was  repeated  ;  for, 
while  the  sky  gleamed  with  a  steel-gr<n'  tint,  the  colour  of  the 
young  green  leaves,  the  sunlit  grass,  and  the  tiled  house-roofs 
was  alike  blood-red.  It  was  hard  to  resist  the  notion  that  the 
absorbent  medium  had  actually  changed  the  tint  of  the  light  ; 
but  actual  comparison  with  the  spectroscope  showed  that  the 
deep  red  observed  existed  among  the  rays  of  ordinary  light 
reflected  by  the  objects  in  question. 

*  C'oiiinmnicatt'd  bv  the  Author. 
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The  only  analogous  ofFect  that  1  havo  observed  in  nature 
was  about  twelve  months  ago,  when  just  after  a  sunset  the 
sliglitly  hazy  but  cloudless  eastern  sky  in  the  Thames  valley 
near  Maidenhead  was  of  a  remarkable  purple  hue ;  and  I 
noticed  that  trees  and  grass  reflecting  the  light  from  tliis  aspect 
presented  a  most  unwonted  redness  of  tint. 


YIII.    On  Action  at  a  Distance  in  Dielectrics, 

By  S.  H.  BURBUIIY*. 

F  K  be  the  specific  inductive  capacity  of  ;i  dielectric  me- 
dium, y  the  potential  of  any  electrified  system,  then, 
according  to  Professor  Clerk-Maxwell  (Electricity  and  Mag- 
netism, vol.  i.  p.  86),  the  characteristic  equations  of  V  become, 

(1)  at  a  point  in  the  medium  where  the  volume-density  of  free 
electricity  is  p, 

d  /^^dY\      d/^^dY\      d /-,^dY\      , 

(2)  at  an  electrified  surface  where  the  surface-density  is  cr, 

4'^-^'}— '-•  ■  •  ('^) 

dV  . 
in  which  -r—  is  the  rate  of  increase  of  V  per  unit  of  length  of 
dv  '-  ^ 

the  normal  on  the  outside  of  the  surface  measured  outwards, 

dV         . 
and  VT  the  increase  in  the  same  direction  inside  the  sui-faoe. 
dv 

Assuming  the  truth  of  these  equations,  it  can  b»e  shown  that  in 
a  heterogeneous  medium  the  attraction  exerted  by  an  electrified 
])article  at  0  on  another  particle  at  P  does  not  act  generally 
in  the  line  OP,  is  not  generally  a  function  of  the  distance  OP, 
or  of  circumstances  existing  at  0  and  P  only,  or  at  points  in 
OP  only.  It  becomes,  then,  a  matter  of  irresistible  inference 
that  a  particle  at  0  exerts  no  direct  "  action  at  a  distance  " 
0)1  the  particle  at  P,  but  acts  upon  it  derivatively  tlu-ough  the 
medium. 

For,  let  it  be  i-equired  to  find  the  force  of  attraction  at  P  ex- 
erted by  unit  particle  at  0.  There  being  no  other  electrified 
body  in  the  field  except  the  particle,  equation  (A)  becomes,  at 
all  ])oints  in  space, 

If,  now,  K  were  cor;stant,  this  would  further  reduce  to 
*  Comnuinicated  bv  Ihe  Author. 
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d^'^  df  ^  dz'~^' 
\\\m\\  ndmlts  of  integration  in  the  form 

V  being  the  distance  of  the  point  (.?',  y,  z)  from  ().  J  {(-nee  it  i'ol- 
lows  tJiat  the  attraction  varies  inversely  as  the  square  of  the 
distance. 

But  in  the  general  case,  K  being' variable,  equation  (C)  does 
not  admit  of  integration,  and  the  attraction  at  V  cannot  bo 
ibund,  unless  from  the  differential  equation.  In  order  to  effect 
this  object,  we  will  first  obtain  another  form  of  equation  (C), 
a})plicable  to  the  Avhole  of  sjtace  outside  any  electrified  system. 

II.  Consider  the  series  of  e(|uijiotential  surfaces  due  to  such 
a  system,  and  let  lines  be  drawn  cutting  them  all  orthogonally, 
so  as  to  form  a  "  tube  of  force." 

Comparing  the  equation  (C)  with  the  equation  of  continuity 
in  hydrodynamics,  we  see  that  an  incompressible  fluid  might 
flow  through  all  parts  of  the  medium  with  component  velo- 
cities 


^V      ^.  rfV      ,.  dN 

dx'  dy'  dz' 


The  direction  of  motion  of  such  a  fluid  would  evidently  be  at 

every  point  perpendicular  to  the  surface  V=  constant  through 

the  point ;  that  is,  it  would  be  always  along  the  axis  of  our 

supposed  tube. 

Also  if  dv  represent  an  element  of  length  of  such  a  tube, 

r/V 
the    actual    velocity    of  the  fluid   alono;  it  Avould  be  K  -p-. 

°  dv 

If,  then,  a  be  a  section  of  the  tube  perpentlicular  to  the  axis,  we 
have  as  the  condition  of  incompressibility,  that  a  K  —  is  constant 
throughout  the  tube.  Our  equipotential  surfaces  must  then 
])ossess  this  geometrical  property,  that  ciK  -j~  shall  be  con- 
stant throughout  e^'er^■  tube  of  force  that  can  be  di-awn  throuoli 
tliem. 

It  can  here  be  shown  that  the  equation  (C)  is  supported  by 
analogy  ;  for  if,  uistead  of  a  dielecfric,  the  medium  were  a 

conductor  having  v-  for  resistance  per  unit  length  and  unit 

area,  then  the  equation  aK— p-  =  constant  expresses  Olmrs 
law.  ^/^ 
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HI.  We  shiill  now  pass  to  the  following  problem.  Given  a 
distribution  of  matter  over  a  closed  surface  S,  known  to  have 
constant  potential  Yq  at  every  point  of  that  surface,  to  find  all 
the  equipotential  surfaces  due  to  that  saiiie  distribution. 

It  may  be  shown,  as  in  Thomson  and  Tait's  '  Natural  Phi- 
losophy,' Appendix  A,  that  the  potential  of  the  given  distri- 
bution, having  the  constant  value  Yq  at  every  point  on  S,  has 
that  same  constant  value  also  at  every  point  within  S.  For, 
let  V  be  the  potential  of  the  distribution,  U  any  other  function 
whatever  of  {.v,  //,  z)  which  is  equal  to  zero  at  every  point  on  S. 
Then,  if  the  triple  integral  refer  to  the  whole  space  within  S, 

_^i\Tf^^^      !^K—      '^K^^  ^  dvch  dz   (I) 
"J  ;  J   (  dx       dx         dy       dy        dz        dz  }     '     " 

By  Green's  theorem  the  last  line  of  the  second  member  of  this 
equation  is  eqnal  to 

where  in  the  first  term  the  double  integration  is  extended  over 

the  whole  surface  S,  and  ^7  is  the  increase  of  V  })er  unit 

leny;th  of  the  normal  inside  8.  But  the  first  term  vanishes, 
because  U  is  by  hypothesis  zero  at  every  point  on  S  ;  and  the 
second  termvanishes  because  of  (C).  Rejecting  then  the  last 
Hue,  equation  (1)  becomes 

ffi'M(^-f/-(f-f)Mf-f/}-*- 

This  equation  holds  true  whatever  U  be,  provided  it  be  zero  at 


(i^  a  Dis/anci'  in  Dleledrlcti.  fi5 

evorv  p,)int,  on  S.   W((  in.iy  tliorcCnrc  make  U  =  V  — Vq.  ^^■lli(.•ll 
satisHos  tliat  condition,  .slnc!'  V  =  V o  at  cvorv  i>uiut  on  S.      lu 


tliat  case 

dU  _  dV 

d\J 

d\5     d\ 

d.v         d.e 

dil 

dij' 

dz        dz 

an-.l  (2)  becoin.\s 

#-[(:"y-('"M"T}"-^ 


/;=(). 


Now  K  cannot  be  negative,  and  cannot  bo  assumed  always 
zero.  The  above  equation,  then  (which,  as  we  liave  seen,  holds 
universally  if  V  be  eoiistaut  over  the  surface  S),  cannot  bo 
satisfied  unless 

dx  ^'     du         '     dz      ''' 

dY  . 

and  V  =  Vo  at  every  point  within  S.     It  follows  that    .  ,  in 

e([uation  (B),  which  is  the  rate  of  increase  of  V  with  the  norni;d 
on  the  inside  of  S),  must  be  zero.  Ap[)lying,  therefore,  equa- 
tion (B)  to  our  surface,  cr  being  the  surface-density,  and  making 

d\  , 

j-j  zero,  we  luive 

«»^  f/V 

K  V-  +47ro-  =  0. 
dy 

Here,  as  will  be  remembered,  -;—  is  the  rate  of  increase  of  V 

'  dv 

per  unit  of  length  of  the  normal  from  S  outwards. 

IV.  Hence  as  K  and  a-  are  known  at  every  point  of  S,  -y-  is 

also  known  at  every  point  of  S,  and  we  can  therefore  describe 
round  S  the  equipotential  surface  Sj  corresponding  to  Vg  — 8V, 
SY  being  any  infinitely  small  increment  of  potential.     It  will 

be  at  a  distance  from  S  equal  to  -r — -  BY. 

Further,  having  now  obtained  two  consecutive  equipotcntial 
surfaces  belonging  to  our  distribution,  the  property  of  our 

surfaces  investigated   above,  namely  that  oK  -r-  is  constant 

o  '  '■'  dv 

throughout  every  tube  of  force,  enables  us  to  construct  all  the 

others.     For  if  we  take  as  base  of  our  tube  any  element  of 

dN 
area  on  S,  and  call  it  a,  then  oK  -r-  is  known  at  the  base  of 

dv 

the  tube  ;  also  if  normals  forming  the  tube  be  drawn  from  all 

points  on  the  boundary   of  a,   and  if  they  cut  out  from  the 
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second  surface  Si  the  area  a-i,  o^  is  known,  depending  on  the 

curvature  of  8  and  the  known  distance  between  the  surfaces. 

Also  Ki,  the  vakie  of  K  on  the  area  a^,  is  supposed  known, 

clY 
If  then    ,     be  the  rate  of  increase  of  V  per  unit  of  lengtli  of 

clN  dV 

the  nonnal  on  the  second  surface, the  rehition  OiKi  ^—  =aK  —j— 

dV         .         .       .  "^"^      .    ^^ 

determines  -%— .     This,  again,  being  known  at  every  point  of 

the  second  surface  enables  us  to  describe  a  third  equipotential 

surface,  that,  namely,  corresponding  to  Yq—28Y.      And  so 

on    ad  infinitum.      By    this    means  Ave  can  describe    round 

S    a   series    of   surfaces  which  satisfy    Avith   S    the  geome- 

dY 
trical  condition  of  making  oK.  -7—  constant  throughout  every 

^        dv  o  . 

tube  of  force.  And  they  are  the  only  series  of  surfaces  inclu- 
ding S  which  can  satisfy  that  condition  ;  they  must  therefore 
be  the  equipotential  surfaces  due  to  the  distribution  on  S. 

V.  It  is  evident  from  the  mode  of  formation  of  these  sur- 
faces, that  if  Sp  be  the  equipotential  surface  passing  through 
an  external  point  P,  the  form  of  Sp  would  be  altered  if  we 
altered  K  at  any  point  in  the  space  between  S  and  S^,,  and  its 
distance  from  any  neighbouring  equipotential  surface  would 
be  altered  in  like  manner.  This  is  equally  true  however  small 
the  surface  S  may  be,  and  is  therefore  true  if  it  be  an  infi- 
nitely small  surface — that  is,  if  it  represent  an  electrified  par- 
ticle at  0.  Hence,  as  we  undertook  to  show,  the  attraction 
exerted  at  P  by  a  particle  at  0  does  not  generally  act  in  the 
line  OP,  is  not  a  function  of  OP,  or  of  circumstances  existing 
at  0  or  at  P  or  at  any  points  in  the  line  OP  only.  It  becomes 
then  difiicult,  if  not  impossible,  to  conceive  "  action  at  a  dis- 
tance "  between  0  and  P. 

VI.  It  might  perhaps  be  objected  that,  by  the  supposed 
alteration  of  K  anywhere  between  S  and  S^,  we  should  alter 
the  potential  of  the  distribution  on  S,  so  that  it  would  no  longer 
be  constant  at  every  point  of  S.  But  this,  if  true,  involves 
the  assertion  that  the  potentials  of  particles  constituting  the 
distribution  on  S  are  dependent  on  the  values  of  K  at  all 
points  between  S  and  Sp,  however  distant  S^  may  be.  It  fol- 
lows, then,  as  before,  that  the  attraction  between  tAVO  particles 
of  the  distribution  cannot  be  direct  action  at  a  distance. 

VII.  We  have  shown  above  how,  having  giA'en  any  distri- 
bution on  S,  making  V  constant  at  every  point  of  S,  to  form 
all  the  other  equipotential  surfaces  due  to  that  distribution. 
The  problem  then  suggests  itself,  how  to  ascertain  Avhether 
any  given  distribution  on  S  has  this  constant  potential  or  not, 
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and  hence  to  find  the  potential  at  any  point  due  to  a  given 
distribution.  For  this  purpose  we  may  make  an  assumption, 
viz.  that  a  distribution  of  uniform  density  over  a  sphere  must, 
if  tliat  sphere  be  small  enoucrh  and  K  he  continuous,  have 
uniform  potential  over  the  sphere.  If  this  be  so,  the  above 
])rocess  determines  all  the  equipotential  surfaces  due  to  such  a 
distribution. 

But  any  electrified  particle  may  be  regarded  as  a  distribu- 
tion uniform  in  density  over  an  infinitel}^  small  sj)here.  Hence 
the  equipotential  surfaces  due  to  any  electrified  particle  can 
be  determined  by  the  above  proc(^ss.  Hence,  further,  the 
])otential  of  any  electrified  system  can  be  determined,  being 
the  sum  of  the  [)otentials  of  its  several  parts.  The  inference 
ihat  we  have  drawn  above  respecting  action  at  a  distance  does 
not  depend  on  this  assumption  respecting  the  potential  of  a 
})article,  and  remains  valid  whatever  be  the  true  solution  of 
the  problem  of  finding  the  attraction  of  a  particle. 
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Fi'b.  22,  1877.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the 

Chair. 
^pHE  following  pa])er  was  read: — 

^    "  On  Crookes's  Force."     Ey  G.  Johustouc  Stoncy,  M.A,,  F.Il.8,, 
and  liichard  J.  Moss,  F.C.S. 

lu  two  papers  by  one  of  the  authors  of  tlie  present  coinnumi- 
cation,  \^•hil•h  a])peared  in  the  Pliilosophical  Magazine  for  I\Iarch 
and  A])ri]  187(5,  it  has  been  shown  that  the  motion  of  the  blackened 
disks  of  a  Crookes's  radiometer  can  be  explained  by  the  known 
dynamical  properties  of  the  trace  of  gas  which  is  i)resent,  and  the 
term  "  Crookes's  force "  is  proposed  to  designate  the  reaction 
which  comes  into  play  between  t}»e  blackened  disks  and  the  walls 
of  the  exhausted  chamber  ^hen  a  difference  of  temperature  exists 
between  them.  Shortly  after  the  first  of  these  papers  appeared 
we  commenced  an  experimental  investigation  of  the  subjt^ct  \\ith 
the  view  of  learning,  if  ])ossible,  the  laws  to  which  the  force 
conforms.  The  in\estigation  is  still  in  progress ;  and  being 
exceedi]igly  tedious,  it  will  require  a  great  expenditure  of  time 
before  it  is  completed ;  we  propose,  however,  in  this  preliminary 
paper  to  describe  the  apparatus  and  mtithods  of  observation  em- 
ployed, and  to  give  some  of  the  results  already  obtained. 

If  the  pressure  which  is  exerted  on  the  blackened  pith  surfaces 
reacts  on  the  sides  of  the  glass  envelope,  it  follows  that  a  trans- 
parent disk   delicately  suspended   close   to  a  stationary  disk  of 

F2 
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blackened  pith  ought  to  mave  away  from  the  i)ith,  and  therefore 
toward*  the  light,  when  the  pith  is  illxiuunated.  This  inference 
A\  as  submitted  to  the  test  of  experiment  by  means  of  an  apparatus* 
represented  in  fig.  1  and  eooastructed  as  follows  : — A  piece  of  elder- 
pith  2-5  c«ntims.  in  length  and  1-2  centim.  in  breadth,  blackened 
on  one  side,  \va»  fastened  by  one  end  to  the  interior  surface  of  the 
bulb  of  an  ordinary  boiling-flask  (of  about  200  cub.  centiius. 
capacity)  in  such  a  manner  that  the  free  end  of  the  pith  extended 
towards  the  middle  of  the  bulb.  A  light  glass  rod  witli  a  small 
magnet  on  one  end,  and  a  disk  of  thin  microscope-gla^s  on  the 


other  end,  was  so  suspended  in  the  bulb  that  the  glass  disk  could 
be  readily  balanced  in  a  position  nearly  parallel  ^ith  the  surface 
of  the  blackened  pith,  and  a  few  millims.  distant  from  it.  The  silk 
iibre  from  which  the  glass  rod  was  suspended  hung  fi-om  a  fixed 
arm  at  the  upper  end  of  a  tube,  the  lower  end  of  which  was 
hermetically  fastened  into  the  neck  of  the  flask.  An  elongation 
of  this  tube  (not  shown  in  the  figure)  with  a  contraction  for  seal- 
ing, served  to  connect  the  apparatus  with  the  exLaust-tube  of  a 


Messrs.  G.  J.  Stoney  and  R.  J.  Moss  on  Crookes"'s  Force.     BS 

Sprengel  pump.  The  pump  was  set  in  action,  and  occasionally  the 
flame  of  an  ordinary  gas-l)urner  was  held  at  a  distance  of  about 
10  centims.  from  the  blackened  pith  while  the  microscope-glass 
Mas  closely  watched.  VV  hen  the  gauge  of  the  pump  showed  a 
tension  of  7  millims.,  as  compared  with  the  mercurial  colirmn  of 
a  baromet-er  standing  in  the  same  vessel  of  mercury,  the  glass  disk 
was  distinctly  repelled  from  the  pith  and  towards  the  source  of 
light.  As  the  exhaustion  was  continued  the  repulsion  between 
the  pith  and  the  glass  increased.  The  apparatus  was  sealed  off 
from  the  pump  when  the  mercury  falling  in  the  exhaust-tube  had 
for  some  days  produced  a  metallic  sound.  Feeble  illumination 
now  caused  the  glass  disk  to  be  forcibly  driven  away  from  the 
pith*. 

We  now  endeavoured  to  detennine  quantitatively  the  influence 
of  variations  in  the  tension  of  the  residual  gas,  and  also  the 
influence  of  variations  in  distance  between  the  reacting  surfaces. 
For  this  purpose  we  constructed  the  apparatus  represented  in 
fig.  2. 

On  a  wooden  stand  supported  by  three  levelling-screws  rests  a 
glass  tnhe  20  centims.  in  length  and  3*8  centims.  in  diameter, 
having  a  tubular  opening  at  one  side,  into  which  is  cemented  hori- 
zontally a  smaller  tnhe  1"5  centim.  in  diameter.  In  the  larger 
tube  there  is  a  circular  disk  of  elder-pith  2*3  centims.  in  diameter, 
having  one  side  blackened  with  lampblack ;  it  is  supported  in  a 
vertical  jwsition  on  a  movable  stand  of  iron  wire.  By  means  of 
a  magnet  the  pith  disk  can  be  mo\'ed  up  and  down  the  tube,  and 
thus  placed  at  any  require<l  distance  (within  12  centims.)  from 
a  delicately  suspended  circular  disk  of  thin  microscope-glass, 
3  centims.  in  diameter  and  0*3  millim.  in  thickness.  The  glass 
disk  is  attached  to  the  end  of  a  glass  arm,  which  is  suspended 
in  the  smaller  tube  by  means  of  a  silk  cocoon  fibre  contained  in  a 
vertical  limb  38  centims.  in  length  and  9  millims.  in  diameter. 
In  order  that  the  torsion  of  the  silk  fibre  may  be  conveniently 
regulated,  there  is  a  small  fl-shaped  piece  of  iron  wire  attached 
to  it  a  few  centimetres  below  the  end  from  which  it  hangs,  A 
horseshoe  magnet  is  suspended  outside  the  tube  with  the  piece 
of  wire  between  its  poles.  By  turning  the  magnet  round,  torsion 
may  be  imparted  to  the  silk  fibre.  The  balance  of  the  glass  arm  is 
adjusted  by  means  of  a  small  iron  ring  aa  hich  it  carries ;  the  position 
of  the  ring  can  be  altered  at  will  by  an  external  magnet.  There 
is  a  small  silvered  mirror  attached  to  the  arm  at  the  point  of  sus- 
pension; this  reflects  the  imnge  of  a  narrow  illuminated  slit  onto  a 
scale  divided  into  degrees  2-5  millims.  each.  An  altemtion  in  the 
position  of  the  index  amounting  to  0*5  millim.  is  readily  observed ; 
this  corresponds  with  a  change  in  the  position  of  the  outer  edge  of 
the  glass  disk  amounting  to  0*033  millim.  One  end  of  the  large 
tube  is  ground  perfectly  flat,  and  closed  by  cementing  to  it  a  plate 

*  The  apparatus  was  sealed  off  on  the  14th  of  April,  1876.     The  experimenti 
described  above  were  made  in  ilarch. 
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of  glass  4  millims.  iu  thickness  ;  through  this  light  is  admitted  to 
the  pith  disk  by  an  arrangement  to  be  presently  referred  to.  The 
other  end  of  the  large  tube  is  contracted  and  terminates  in  a  nar- 
row tube  bent  upwards,  partly  packed  with  gold  leaf  (to  intercept 
mercury  vapour),  and  attached  to  the  exhaust-tube  of  a  Spreugel 
pump.  The  smaller  tube  terminates  in  a  contraction  bearing  a 
stopcock  which  serves  for  admitting  the  gases  to  be  experimented 
upon. 

We  found  it  necessary  to  avoid  the  irregular  actions  which 
arose  when  the  incident  light  was  allowed  to  shine  on  the  inside 
of  the  glass  tube.  This  was  accomplished  by  projecting  on  the 
disk  the  image  of  a  uniformly  illuminated  circular  aperture  in  a 
screen  of  copper  foil  placed  outside  the  glass  chimney  of  an 
Argand  gas-burner.  The  lens  employed  for  this  purpose  is  per- 
manently attached  to  a  stand  on  which  the  lamp  is  secured.  When 
the  position  of  the  pith  disk  is  altered,  the  position  of  the  stand 
carrying  the  lamp  and  lens  is  altered  to  the  same  extent;  so  that 
the  pith  disk  is  al^\"ays  iu  focuSo  The  burner  is  automatically 
supplied  with  coal-gas  at  the  uniform  rate  of  3-2  cubic  feet  per 
hour,  this  being  the  quantity  that  gives  a  flame  of  the  required 
size. 

We  found  that  the  torsion  of  a  cocoon  fibre  furnishes  a  force 
which  is  too  variable  to  admit  of  its  being  delicately  controlled 
by  the  method  just  referred  to ;  but  a  very  accurate  adjustment 
was  secured  by  a  supplementary  arrangement.  It  has  already 
been  mentioned  that  the  arm  which  bears  the  thin  glass  disk  carries 
a  small  iron  weight  by  which  its  balance  is  regulated.  This  weight 
was  made  to  serve  for  balancing  the  torsion  of  the  silk  fibre,  i'or 
this  purpose  a  small  bar  magnet  sliding  in  a  groove  is  so  placed 
that  one  pole  acts  on  the  weight.  With  a  little  care  the  distance 
of  the  magnet  from  the  weight  can  be  adjusted  so  as  to  bring  the 
index  to  zero,  and  thus  exactly  counterbalance  the  torsion  of  the 
silk,  the  index  remaining  practically  stationary.  In  this  condition 
the  apparatus  is  sensitive  to  an  extreme  degree. 

It  will  be  observed  that  in  this  apparatus  the  cooler  of  the 
heat-engine  consists  of  the  swinging  disk  along  with  that  part  of 
the  containing  tube  which  lies  between  the  swinging  disk  and  the 
disk  of  blackened  pith.  By  thus  making  a  portion  of  the  cooler 
freely  movable,  ■ne  hoped  to  be  able  to  ascertain  the  thickness  of 
the  layer  of  gas  \,\-ithin  which  Crookes's  force  exists.  It  would  not 
have  answered  for  this  part  of  our  investigation  to  have  made  the 
heater  the  part  fi-eely  mo\able  (as  in  all  apparatus  of  the  kind  that 
had  been  previously  constructed),  because  the  heater  cannot  be 
placed  far  from  the  cooler  in  apparatus  that  is  not  inconveniently 
large  for  the  8prengel  pump,  since  when  the  containing  tube  is 
of  any  moderate  size  its  sides  become  the  principal  part  of  the 
cooler*  M  hen  the  glass  disk  is  at  a  distance. 

*  It  is  obvious,  from  the  dynamical  theory,  that  if  tlie  molecules  tending 
in  one  direction  within  ii  stationarj  gas  are  at  one  tempeiature,  while  the  rest 
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With  the  improved  apparatus  repulsion  at  first  appeared  to 
exist  at  all  tensions  in  hydrogen,  the  distance  between  the  disks 
being  1  millim.  This  repulsion  was  not  perceptibly  increased  by 
alterations  in  tension,  until  the  latter  was  reduced  to  about  200 
millims,,  when  a  slight  increase  of  repulsion  took  place  ;  and  further 
reductions  of  tensions  were  in  each  case  followed  by  an  increase  of 
repulsion. 

It  was  observed  that  when  repulsion  was  detected  at  ordinary 
tensions  the  glass  disk  occupied  the  upper  portion  of  the  containing 
tube,  and  that,  when  the  disk  was  made  to  swing  in  the  lower  por- 
tion of  the  tube,  instead  of  being  repelled  it  was  attracted  towards 
the  pith  when  illuminated.  These  results  are  obviously  due  to 
conAection-curreuts.  By  carefully  balancing  the  glass  disk  as 
nearly  as  possible  in  the  centre  of  the  tube  the  effects  are  greatly 
reduced  ;  but  it  would  be  very  difficult,  if  not  impossible,  to  balance 
the  disk  in  a  perfectly  neutral  position. 

In  an  atmosphere  of  hydrogen  at  ordinary  atmospheric  tensions 
there  is  no  indication  of  attraction  or  repulsion  when  the  distance 
between  the  pith  and  glass  disks  is  100  millims.  and  the  time  of 
illumination  15  seconds,  a  period  which  experience  has  led  us  to 
adopt.  The  first  unmistakable  indications  of  pressure  on  the 
swinging  disk  at  this  distance  occur  when  the  tension  is  about 
50  millims.,  at  which  tension  there  is  a  very  feeble  repulsion.  As 
the  tension  is  reduced  the  repulsion  increases.  An  extensive  series 
of  experimejits  have  been  made  for  the  purpose  of  determining 
the  ratio  in  which  the  repulsion  increases  for  given  reductions  in 
the  tension  of  the  residual  gas.  The  ao(  ompanying  Table  exhibits 
the  results  of  one  set  of  experiments  : — 

T  =  tension  of  the  residual  gas. 

D  =  distance  between  the  disks  in  millims. 

P=pressure  on  the  swinging  disk,  as  r.^presented  by  the  space, 

in  degrees  of  the  scale,  through  w  hich  the  index  jmsses 

in  15  seconds. 


of  the  molecules  of  the  g-as  and  the  surface  of  a  solid  willi  which  tliey  come 
into  contact  are  at  another  temperature,  then  the  CVookess  force  wliich  arises 
may  be  either  normal  to  that  surface  like  the  pressure  of  a  gas,  or  tiingential 
to  it  like  friction,  or  in  any  way  compounded  of  these  two,  being  in  each  case 
in  tlie  direction  sjioken  of  above. 

Accordingly  the  forces  tliat  act  upon  the  containing  Tessel  and  the  vanes  of 
radiometers  are  in  general  partly  tangential  and  partly  normal;  so  that  in 
estimating  the  intensity  of  these  forces  tlie  matters  to  be  considered,  along  with 
the  directions  of  the  motions  in  the  intervening  gas,  are  the  proximity  and 
extent  of  the  opposed  surfaces,  and  not  the  degree  of  their  parallelism.  It  is 
probable  that  all  the  phenomena  of  radiometers  with  crumpled  or  inclined 
vanes,  which  ilr.  Crookes  has  lately  investigated,  admit  of  explanation  by  these 
considerations. 

It  is  manifest  that  in  the  apparatus  described  in  the  text  the  chief  part  of  the 
reaction  on  the  containing  vessel,  when  the  disks  are  at  a  considerable  distance 
asimder,  consi.«ts  of  tangential  forces  acting  on  the  in.side  of  the  tube. 
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Tn  the  above  experiments  it  wil]  be  observed  that  the  dista-nce 
between  the  pith  disk  and  the  swinging  glass  disk  was  constant, 
viz.  100  miliims.  We  have  made  several  series  of  experiments, 
with  the  disks  at  various  distances,  in  atmospheres  of  various 
tensions.  The  means  of  several  of  these  series  are  graphically 
represented  in  the  following  diagram.  The  ordinates  represent 
the  distance  in  millimetres  through  which  the  index  moved  in  a 
period  of  15  seconds  ;  the  abscissas  represent  the  distance  in 
millimetres  between  the  disks. 


Our  expectation  of  being  able  to  ascertain  the  thickness  of  the 
Crookes's  layer  has  not  been  entii-ely  fulfilled  with  the  apparatus  as 
at  present  constructed,  owing  to  the  presence  of  the  exceedingly 
feeble  force  that  is  represented  by  the  horizontal  portions  of  the 
diao-ram.       We  have  found  tliis  feeble  force   nearly  constant    at 
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each  tension  when  the  two  disks  are  at  any  distances  asunder 
exceeding  20  milliins.  80  far  as  we  have  been  able  to  ascertain, 
it  seems  to  arise  partly  from  the  sudden  expansion  of  the  gas 
throughout  the  extent  of  the  Crookes's  layer  as  soon  as  the  light 
is  turned  on  (an  expansion  which  acts  on  the  swinging  disk  as  if 
a  feeble  explosion  had  taken  place  in  front  of  it),  and  partly  from 
a  Crookes's  force  acting  between  the  upperside  of  the  tube  and  the 
swinging  disk  (caused  by  the  inside  of  the  tube  becoming  sensibly 
heated  by  the  convection-current  that  commences  as  soon  as  the 
Crookes's  layer  is  established).  AVe  do  not  tliink  that  any  appreci- 
able part  of  it  is  due  to  the  direct  action  of  the  convection- 
current. 

The  rest  of  the  diagram  represents  the  forces  which  we  found 
when  the  disks  were  at  distances  of  10  and  o  millims.  asunder. 
The  forces  which  presented  themselves  at  these  distances  are 
to  be  attributed  mainly  to  a  true  Crookes's  reaction  between  the 
disks  ;  and  they  seem  to  warrant  the  conclusion  that  Crookes's 
reaction  was  manifested  at  a  distance  of  at  least  10  millims.  in  a 
hydrogen  vacuum,  when  the  outstanding  tension  was  as  much  as 
5  millims.  of  mercury. 

At  distances  of  from  20  to  80  millims.  the  A'ery  feeble  force 
acting  on  the  glass  disk  in  our  apparatus  seemed  to  vary  aboub 
inversely  as  the  tension.  As  already  mentioned,  it  appeared  to 
be  nearly  independent  of  the  distance  when  the  distance  exceeded 
20  millims. 

At  distances  of  5,  10,  and  20  millims.  the  force  on  the  swinging 
disk  made  some  approach  to  varying  at  each  tension  inversely  as 
the  distance.  But,  so  far  as  may  be  judged  from  our  measures  of 
such  exceedingly  feeble  forces,  there  is  a  sensible  deviation  from 
this  law  at  most  of  the  tensions. 

Moreover  the  diagram,  taken  as  a  whole,  seems  to  suggest,  in 
conformity  with  the  dynamical  theory,  that  the  law  changes  with 
variations  of  density ;  for  if  the  law^  were  the  same  at  all  the 
obser\ed  tensions,  the  converging  lines  in  the  diagram  should 
converge  to  points  in  the  axis  of  abscissas,  whereas  they  converge 
towards  points  lower  do\m. 

AVe  will  postpone  the  further  discussion  of  the  observations 
already  made  with  this  apparatus  until  we  can  supplement  them 
by  others.  

GEOLOGICAL  SOCIETY. 
[Continued  from  vol.  iii.  p.  .541.] 

May  9th,  1877.— Prof.  P.  Martin  Duncan,  Al.B.,  F.R.S., 
President,  in  the  Chair. 
The  following  papers  were  read : — 

1,  "  On  the  Agassizian  genera  Amhh/pterus,  PalfPoniscus,  Gyro- 
lepis,  and  Pijyoptervs.''  Py  Pamsay  H.  Tracjuair,  Esq.,  M.D., 
F.R.S.E.,  F.CS. 

2.  '<  On  the  Circinatc  A'crnation.  Fructification,  and  A'aricties  of 
Sphenopteris  ftj/hris,  and  on  Staphylnpferh  ?  Paahii,  Etheridge  and 
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Balfour,  a  genus  of  Plants  new  to  British  Eocks."    By  C.  W.  Peach, 
Esq.,  A.L.8. 

3.  "  On  the  Occurrence  of  a  Macrurous  Decapod  {AnthmpaUe- 
mun  Woodwanli,  sp.  nov.)  in  the  Bed  Sandstone,  or  Lowest 
Group  of  the  Carboniferous  Formation  in  the  South-East  of  Scot- 
land."    By  Robert  Etheridge,  Esq.,  jun.,  F.G.S. 

4.  "  On  the  Stratigraphieal  Position  of  the  Corals  of  the  Lias  of 
the  Midland  and  Western  Counties  of  England  and  of  South  Wales." 
By  R.  F.  Tomes,  Esq. 

May  23,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  E.R.S., 
President,  in  the  Chair. 

The  followiug  communications  were  read : — 

1.  "  Remarks  on  the  Coal-bearing  Deposits  near  Ereldi,  the 
ancient  Heraclea  Pontica,  Bithynia."  By  Rear-Admiral  T.  A.  B. 
Spratt,  C.B.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  the  occurrence  of  true  Coal- 
measures  near  Erekli,  on  the  north  coast  of  Asia  Minor,  from 
observations  made  by  him  when  on  service  in  the  Black  Sea  in  1854. 
The  coal  was  obtained  near  Kosloo,  about  30  miles  east  of  Erekli, 
where  it  cropped  out  on  the  sides  of  a  valley,  and  was  worked  by 
horizontal  drifts.  The  district  was  much  disturbed  by  faults,  and 
the  workings  could  only  be  driven  from  100  to  400  yards  into  the 
hill.  In  the  eastern  ridge  bounding  the  valley  of  Kosloo  there  were 
11  or  12  seams  of  coal  of  different  thicknesses  in  a  distance  from 
N.  to  S.  of  about  2  miles,  one  of  them  being  about  18  feet  thick, 
and  the  best  coal  forming  a  seam  of  4  ft.  10  in.  The  seams  dipped 
S.E.  about  26°,  They  were  interstratified  with  shales,  sandstones, 
and  conglomerates  of  quartz-pebbles,  and  occasionally  with  thin 
bauds  of  clay  and  ironstone.  Fiom  some  of  the  seams  the  author 
obtained  fossil  remains  of  plants,  which  sufficiently  prove  that  these 
coals  belong  to  the  Carboniferous  period.  Thej^  include,  according 
to  Mr.  Etheridge,  species  of  Le/jidodendron,  Lepidostrohus,  Calamites, 
Pecopteris,  Splienopteris,  Neuropteris  {?),Sigil/a)-ia,  Stigmaria^  GIos- 
sopteris('f),  and  Sphenophyllam.  The  author  also  noticed  several  other 
localities  in  the  immediate  neighbourhood  where  coal  was  known  to 
exist  under  somewhat  similar  conditions.  He  also  referred  to  the 
geology  of  Erekli  itself,  and  noticed  especially  the  occurrence  of 
patches  of  more  or  less  altered  shales  and  marls,  probably  of  middle 
Tertiary  age,  overlying  the  igneous  rocks  of  which  the  country 
consists. 

2.  "  On  the  Structure  and  Affinities  of  the  genus  Siplioniay  By 
W.  J.  Sollas,  Esq.,  B.A.,  F.G.S. 

3.  "  On  the  Serpentine  and  associated  Eocks  of  the  Lizard 
District."  By  Rev.  T.  G.  Bonney,  M.A.,  F.G.S.,  FeUow  and  late 
Tutor  of  St.  John's  College,  Cambridge. 

The  author  stated  that  considerable  doubt  appeared  still  to  exist 
as  to  the  true  relations  of  the  Lizard  serpentine  and  the  associated 
hornblende  schists,  and  as  to  the  origin  of  the  serpentine.    He  had  " 
carefully  examined  all  the  junctions  accessible  on  the  Cornish  coast; 
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inland  they  are  generally  obscured.  Some  of  them  are  concealed 
by  debris,  &c. ;  but  the  majority  prove  beyond  doubt  that  the  ser- 
pentine is  intrusive.  Farther,  almost  everywhere  large  fragments 
of  hornblende  schist  are  caught  up  and  included  in  the  serpentine. 

Besides  the  serpentine  there  is  a  large  mass  of  gabljro  at  Crousa 
Down,  and  many  dykes  and  veins  along  the  east  coast  almost  to 
the  extremity  of  the  serpentine  region.  At  Coverack  Cove,  near 
the  above  mass,  arc  gabbros  of  two  ages,  the  older  much  resem- 
bling a  kind  of  troktolite ;  on  microscoi'ic  examination  it  proves 
to  be  chieliy  plagioclase  felspar,  augitic  minerals  (including  dial- 
lagc),  and  oliviiie  partially  converted  into  serpentine  ;  there  is  a  red 
and  a  green  variety.  The  newer,  a  coarser  gabbro,  appears  to  be 
of  the  same  ago  as  the  other  veins  on  the  coast,  and  connected 
with  the  main  mass.  Some  remarkable  changes  have  taken  place 
in  this  aLio.  In  certain  places  it  exhibits  a  separation  of  its  mineral 
constituents,  causing  it  to  resemble  a  foliated  rock.  This  is  proved 
to  be  due  to  pressure  at  right  angles  to  the  structure.  The  minerals 
also  are  often  changed.  The  felspar  is  replaced  by  a  white  granular 
mineral  resembling  saussurite ;  the  diallage  (which  occurs  some- 
times in  very  large  crystals)  is  often  partially,  or  even  wholly,  con- 
verted into  rather  minute  crystalline  hornblende.  In  these  spe- 
cimens there  is  no  olivine  to  be  distinguished.  The  great  mass,  how- 
ever, is  rich  in  olivine  ;  yet  a  weathered  specimen  from  it,  reseinl)ling 
in  aspect  the  gabbro  of  the  veins,  does  not  show  olivine.  Hence 
the  author  believes  that  in  certain  cases  the  olivine,  instead  of 
being  converted  into  serpentine,  aids  in  forming  the  hornblende. 
Further,  there  are  dykes  and  veins  over  the  same  area  of  a  dark 
trap.  Some  of  these  are  augitic,  others  hornblendic.  The  author 
believes  that,  at  any  rate  in  certuin  of  these,  the  hornblende  is  of 
secondary  formation.  On  the  west  coast  are  veins  of  granite  ;  those 
on  the  east  coast,  said  to  be  granite,  prove,  on  careful  examination, 
to  be  altered  rock,  remarkably  like  granite  veins,  but  not  really  such. 

In  discussing  the  origin  of  the  serpentine,  the  author  called 
attention  to  a  structure  commonly  seen,  which  appeared  to  be  a  true 
"  tluidal  structure."  He  then  described  the  result  of  microscopic 
examination  of  many  specimens  of  the  Lizard  and  some  other  ser- 
pentines. Commencing  with  slightly  altered  Lherzolite  (from  the 
Ariege),  he  traced  the  change  througli  the  older  gabbro  of  Coverack 
to  the  serpentine  rock  of  that  place,  which  contains  a  large  quantity 
of  unaltered  olivine,  and  so  to  other  serpentines  in  which  the  olivine 
is  quite  replaced  by  the  mineral  serpentine.  He  described  also  the 
mode  of  the  change.  The  other  minerals  found  in  the  sespentine 
rock  are  enstatite,  varieties  of  augite,  and  occasionally  a  fair  quantity 
of  picotite,  Avith,  of  course,  oxides  of  iron.  Hence  he  concluded 
that,  as  h.id  been  already  shown  as  regards  some  other  serpentines, 
that  of  the  Lizard  was  the  result  of  the  hydrous  alteration  of  an 
olivine  rock,  such  as  Lherzolite. 

4.  "  On  certain  ancient  Devitrified  Pitchstones  and  Peilites  from 

the  Lower  Silurian  District  of  Shropshire."  By  S.  Allport,Esq.,  F.G.S. 

In  this  paper  the  author  described  a  series  of  ancient  vitreous  and 
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semivitreons  lavas,  with  their  associated  agglomerates  and  ashes, 
constituting  the  ridge  of  Erciil  Hill,  Lawrence  Hill,  and  the  AVrekin, 
and  tlic  low  ridge  parnllel  to  this  to  the  west,  both  of  which  are 
marked  as  "  greenstone"  on  the  Geological-Survey  Map.  Their  com- 
position and  structure  show  them  to  have  been  originally  identical 
with  some  of  the  glassy  volcanic  rocks  ejected  during  the  most  recent 
geological  periods.  After  noticing  the  geological  relations  of  these 
rocks,  the  author  described  the  structure  of  modern  perlitic  and 
spherulitic  rocks,  and  pointed  out  that  the  sphtroidal  balls  which 
characterize  them  are  produced  by  a  process  of  more  or  less  con- 
centric cracking  during  the  contraction  of  the  mass  after  it  has 
been  solidified.  He  then  indicated  the  characters  of  the  ancient 
rocks  of  the  Lower  Silurian  district  of  Shropshire,  and  showed  their 
identity  of  structure  with  the  modern  spherulitic  pitchstones  and 
perlites  ;  he  also  noticed  that  in  some  instances  they  had  become 
devitrified.  As  the  result  of  his  investigation,  he  says  that  the 
structure  of  these  rocks  proves  their  original  vitreous  condition,  for 
the  perlitic  and  spherulitic  formations,  with  their  associated  micro- 
liths,  are  only  observed  in  connexion  with  the  obsidian  orpitchstone 
varieties  of  volcanic  glass — and  that  in  the  older  as  in  the  younger 
series  there  is  the  same  gradation  between  the  vitreous  and  stony 
varieties. 

June  6th,  1877.~Prof.  P.  Martin  Duncan,  M.B.,  F.R.S., 
President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  "On  the  Bank  and  Affinities  in  the  Eeptilian  Class  of  the  Mo~ 
sasaurid<s,  Gervais."     By  Prof.  E.  Owen,  C.B.,  F.R.S.,  F.G.S. 

2.  "Note  on  the  Occurrence  of  the  Remains  of  Hycenarctos  in  the 
Red  Crag  of  Suffolk."  By  Prof.  William  Henry  Flower,  F.R.S., 
F.G.S. 

3.  "  On  the  Remains  of  Hypsoclon,  Porthetis,  and  IcJithyodectes 
from  British  Cretaceous  strata,  with  descriptions  of  new  species," 
By  E.  Tulley  Newton,  Esq.,  F.G.S.,  of  H.M.  Geological  Survey. 

4.  "  On  the  Prccarboniferous  Rocks  of  Charnwood  Forest.''  Part  I. 
By  the  Rev.  E.  Hill,  M.A.,  F.G.S.,  and  the  Rev.  T.  G.  Bonney,  M.A., 
F.G.S. 

The  authors  described  a  mass  of  slates,  grits,  and  volcanic  brec- 
cias, accompanied  by  some  knolls  and  dykes  of  syenite,  spread  over 
a  space  of  about  50  square  miles.  They  showed  that  the  patches 
marked  on  the  Survey  Map  as  Greenstone  of  Bardon,  Birchwood, 
and  Buck  Hill,  except  a  very  small  portion  of  the  latter,  are  really 
altered  rock,  that  the  Syenite  knoll  of  Bawdon  Castle  carries  a  mass 
of  breccia  in  its  centre,  and  that  the  area  of  the  Syenite  in  Bradgate- 
House  Woods  must  be  enlarged. 

Several  writers  have  noticed  that  part  of  the  porphyritic  region 
of  the  north-west  corner  is  altered  rock.  The  authors  showed  that 
there  is  in  it  no  igneous  rock  at  all,  and  that  the  same  is  the  case 
with  every  one  of  the  smaller  patches  marked  as  porphyry  on  the 
Survey  Map.     All   are  volcanic  breccias,   a.shos,   or    agglomerates, 
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some  of  enormous  size.     The  extent  to  which    vulcanic  materials 
enter  intj  the  rocks  of  the  district  is  reniarkul)lo. 

The  authors  endeavoured  to  correlalo  the  stratified  rocks,  and 
adduced  evidence  to  prove  that  the  pcbhie  and  ash  beds  of  Forest 
(jiate,  the  grit  and  i)ohl)le  beds  of  the  Hanging  Rocks,  the  similar 
beds  in  the  grounds  of  A.  Ellis,  Escj,,  at  Swithland,  and  the 
(|uartzites  of  Bradgate-Stable  Quarry,  Groby  Pool,  and  8teward*s- 
Hay  ISpiing  form  one  horizon,  the  slate  breccias  of  Ijlorcs  Hill, 
Biadgate,  Ulverscroft  ^lill,  ilaiklield,  liardou,  and  High  Towers  a 
second,  the  coarse  ash-beds  of  Benscliir,  Chittcrman  Hill,  Timber- 
wood  Hill,  and  the  ^Monastery  a  third,  and  the  quartzose  rocks  of 
Charley  Wood,  Charh^y,  the  Old  Reservoir,  and  Bl.ickljrook  a  fourth. 

Hence  they  showed  that  tlie  berls  are  considerably  dislocated  near 
tlie  syenites,  which  removes  the  main  objection  which  previous 
Avriters  have  urged  against  these  being  intrusive  ;  and  they  described 
the  evidence  they  have  obtained  as  to  this  being  their  real  nature. 
This  evidence  included  the  description  of  actual  contacts  of  igneous 
and  sedimentary  rock  seen  at  two  points  in  the  wood  south  of 
Rradgate  House,  and  at  a  third  in  Bradgato  Park. 

They  propose,  in  a  continuation  of  tlie  pai)er,  to  touch  upon  the 
faults,  and  to  describe  in  greater  detail  the  microscopic  structure  of 
the  rocks. 


X.  Intelligence  and  Miscellanemis  Articles. 
ON  THE  EQUILIBKIUM  OF  PRESSURE  IN  GASES. 

To  the  Editors  of  the  Philosophiccd  Magazine  and  Journal. 
Gentlemen, 
SPHERE  is  one  point  in  connexion  \^ith  my  paper  "on  the  Mode 
^  of  the  Propagation  of  Sound"*,  published  in  tlie  last  Number 
of  your  Journal,  on  \Ahich  I  \\ould  say  a  few  words.  As  regards 
the  process  whereby  the  molecules  of  a  gas  automatically  adjust 
tiieir  motions  so  as  to  move  equally  towards  all  directions,  and  thus 
])rodiice  i'(|uilibrium  of  pressure,  it  should  be  stated,  to  pr(;veut  any 
po.-.sible  jnisconception,  that  this  depends  (as  deduced  by  Professor 
Maxwell)  on  the  oblique  collisions  of  the  molecules  causing  an  equal 
flovv  of  vvi  viva  towards  all  directions,  thus  producing  equilibrium 
of  pressure  in  all  directions, 

The/«ci  thar  the  molecules  of  a  gas  move  equally  towards  all 
directions  (so  that  an  equal  number  of  molecules  are  moving  in  anv 
two  opposite  directions)  was  deduced  by  me  from  the  observed  fact 
of  the  equihbrium  of  pressure;  but  this  deduction  is  not  original, 
iuasnmch  as  the  same  fact  had  been  previously  deduced,  without  my 
knowledge,  by  Professor  Maxwell. 

I  am,  Gentlemen, 

Yours  faithfully, 

London,  June  8, 1877.  S.  Tolvek  Peestok, 

•  "  Mode  of  the  Propagation  of  Sound,  and  the  Phvsical  Condition 
Deterniiniug  its  Velocity,  on  the  Basis  of  the  Kinetic  Theory  of  Ceases," 
I'liilosophical  Ma,i:a/int',  .June  1877. 
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ON  A  DIRECT  TRA.NSFORMATION  OF  MECHANICAL  WORK  INTO 
ELECTRICITY.      BY  E.  GUIGNET. 

In  most  physical  institutions  we  find  electrical  mqtors  (Froment's 
s_ystem  more  oi'  less  modified).  The  Ecole  Polytechnique  of  Rio 
de  Janeiro  possesses  such  a  motor  formed  of  five  fixed  electromag- 
nets and  a  movable  barrel  furnished  with  six  bars  of  soft  iron. 
The  current  of  ten  Bun  sen  elements  being  thrown  into  the  wire  of 
tlie  electromagnets,  the  barrel  turns  briskly  from  right  to  left,  or 
from  left  to  right,  according  to  the  general  direction  of  the  current. 
Moreover  a  commutator,  carried  by  the  axis,  changes  the  direc- 
tion of  the  current,  in  each  of  the  electromagnets,  at  every  fifth 
part  of  a  revolution. 

This  apparatus  has  for  a  long  time  served  for  showhig  how  an 
electric  current,  whatever  its  origin,  can  produce  work,  doubtless 
very  costly,  but  of  which  the  expense  depends  dii-ectly  upon  the 
net  cost  of  the  curi'ent.  The  same  apparatus  can  be  used  for  the 
inverse  demonstration — a  fact  which  appears  to  me  important  for 
the  instructor ;  for  the  experiment  is  easily  carried  out  in  any  lec- 
ture-room. 

If  the  two  extremities  of  the  wire  of  the  electromagnets  be  put 
in  communication  with  any  galvanometer  (whicli  need  not  be  vei*y 
sensitive),  turning  with  the  hand  the  barrel  of  the  motor  will  be 
sufficient  to  establish  the  formation  of  a  continuous  current  whose 
direction  changes  with  that  of  the  rotation.  It  can  even  be  proved 
thus  that  the  intensity  of  the  current  increases  with  the  velocity 
of  rotation,  at  least  up  to  a  certain  limit. 

Finally,  the  same  experiment  makes  e^adent  iiidaetion  umlec  the 
ivjluence  of  the  earth.  Several  contrivances  have  been  devised 
to  render  this  curious  phenomenon  sensible — notably  the  inge- 
nious hoop  of  M.  Delezenne.  In  the  foregoing  experiment  the 
soft-iron  bars  become  magnetized  under  the  influence  of  the  earth. 
Their  changes  of  position  with  respect  to  the  fixed  electromagnets 
give  rise  in  the  wires  to  induction-currents  which  are  gathered  into 
a  single  current  by  the  commutators.  Therefore  the  maximum 
effect  will  be  obtained  when  the  axis  of  the  bai-rel  is  parallel  to  the 
inclination-needle ;  but,  on  account  of  the  charge  on  the  cushions, 
it  is  better  to  place  the  apparatus  so  that  the  axis  is  horizontal  and 
parallel  to  the  declination-needle. 

It  is  likewise  easy  to  show  that  the  magnetization  of  the  soft-iron 
bars  and  of  the  electromagnets  increases  with  the  velocity  of  the 
rotation.  When  the  barrel  turns  very  slowly,  the  two  soft  irons 
scarcely  attract  iron  filings,  in  consequence  of  the  earth's  magnetism; 
but  as  the  operation  proceeds,  when  the  velocity  reaches  several  rota- 
fions  per  second,  the  soft  irons  can  lift  large  quantities  of  iron 
filings. 

On  replacing  the  bars  of  soft  iron  of  the  Froment  motor  by  elec- 
tromagnets wound  round  with  a  wire  communicating  \\'ith  that  of 
the  fixed  electromagnets,  a  genuine  dynamoelectrical  machine  would 
be  obtained,  of  the  class  of  the  Grramme  machines  without  perma- 
nent magnets ;    but   the    performance  of  such  a  machine   would 
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doubtless  be  very  mediocre,  especially  on  account  of  the  sparks 
given  by  the  commutators.  We  constantly  employ  here,  as  a  source 
of  electricity,  an  excellent  Gramme  machine  moved  by  steam- 
power.  This  machine  consumes  only  one  horse-power,  and  pro- 
duces a  light  ecjual  to  100  Carcel  burners,  quite  sufficient  for  all 
lecture-experiments. — Comptes  Mendus  de  VAcademie  des  Sciences, 
May  14,  1877,  tome  Ixxxiv.  pp.  1084,  1085. 

ON  THE  PISTRIliUTION  OF  TEMPERATURE  IN  THE  CONDUCTING- 
WIRE  OF  A  GALVANIC  CURRENT.  BY  HEINRICH  STREINTZ. 
If  a  galvanic  current  is  led  tln-ough  a  wire,  the  temperature  of 
the  wire  rises  until  the  stationary  condition  enters — until,  namely, 
in  every  corporeal  element  of  the  \\ire  exactly  as  much  heat  is  ex- 
cited as  is  carried  off  through  the  surrounding  particles  to  the  sur- 
face and  through  this  into  the  environing  medimn. 

Leaving  out  of  consideration  the  ends  of  the  wire,  the  calculation 
is  a  problem  of  the  plane.  If  I-  denotes  the  conducting-power  for 
heat,  71  the  temperature  at  any  point  of  the  cross  section,  the  ex 
pression 

represents  the  amount  by  which  the  heat  brought  to  a  surface- 
element  from  the  circumjacent  elements  exceeds  that  which  is  car- 
ried away. 

According  to  Joule's  law,  the  quantity  excited  during  the  same 
time  by  the  galvanic  current  is 

ti'i^dxdif  dt. 
For  the  stationary  state  the  sum  of  the  two  expressions  must  be 
equal  to  nil ;  hence 

cW      dif  Ic 

As  integral  of  the  equation,  we  obtain 

?« =  A  —  1.  r"  4-  B  log  nr. 

8ince,  for  obvious  physical  reasons,  B  must  be  =  0,  onlv  A 
remains  to  be  deiennined.  Given  the  surface-temperature  r  of  the 
wire,  and  calling  its  radius  a,  then 

"='■+4  («'-'•') (I.) 

But  if  for  T  the  coefficient  of  the  external  heat-conducting  power 
H  be  substituted,  the  condition-equation 

f'^)      -H/<«-IJ),=„=0,   h=  ^, 

\<l'-Jr=a  h 

is  added,  in  which  U  denotes  the  temperature  of  the  surrounding 
medium,  and  we  obtain 

-='^+^/^+'l(a'->'')-     .: (II.) 
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For  the  niunerical  calculation,  h  and  J  must  be  known.  Bll^  .T, 
originally  expressad  by  resisbance,  current-intensity,  and  oouduct- 
inij;-po\ver,  can  also  be  expressed  by  h  and  tlie  surface-teinperatun^, 
atlained;  for  i'roiu  the  comparisou  of  eyualious  I.  and  il.  it  fol- 
lows that  97, 

a 
T  determined  h  by  experiment  thus  :  through  a  thick-walled  brass 
tube  I  caused  hot  M'ater  of  a  known  temperature  to  How,  and  ob- 
served the  temperature  on  the  outer  surface  of  the  mantle.     Theory 
gi\es  for  this  case 

h  = 


c^{t^  —  XJ)  (log  nat  c^—  log nat  o^)' 
in  which  r,  and  r^  denote  the  temperatures,  c,  and  c^  the  radii,  of 
the  outer  and  inner  circumferences ;  and  then  the  result  of  the 
observations  is  7*  =  0-00078. 

For  a  brass  wire  it  can  now  be  calculated  how  much  the  tempe- 
ra; ure  at  the  centre  is  higher  than  that  at  the  surface;  and  when 
rt  =  0-25  millim.,  r  =  55°-5  C,  U=18°  C,  we  get 
t<V.-7  =  0°-0037C. 

Without  making  further  observations,  the  temperature-difference 
can  now  be  calculated  for  other  wires  also. 

In  conclusion,  I  must  not  omit  to  mention  that  Edlund,  in  the 
May  Number  of  Foggendorff's  Ainialen,  has  also  given  a  calcula- 
tion of  the  distribution  of  temperature  in  a  galvanically  heated  wire; 
his  deduction,  however,  proceeds  quite  differently  from  that  here 
given  ;  the  equations  obtained  are  not  so  general,  and  the  numerical 
data  are  based  on  experiments  of  another  kind  than  those  I  have 
employed;  so  that  I  had  no  hesitation  in  making  public  my  inves- 
tigations, which  were  ready  before  the  appearance  of  Edluud's 
memoir.— Ausz)u/  aus  dem  am  12.  Aug.  187o  der  Redavtion  von 
Poijij.  Ann.  d.  Phys.  u.  Chemie  eingesandten  Manuscripte. 


ON  THE  SPECIFIC  HEATS  OF  GASES. 

To  the  Editors  of  the  Pldlosophical  Magazine  and  Journal, 

Gentlemen, 

Mr.  Burbury  has  pointed  out  to  me  a  mistake  in  my  paper  on 

dissociation  in   the  June  number  of  the  Fhilosophit-al  Magazine 

■\\  hich  is  important.    On  pnge  415,  the  sign  of  1  should  be  changed. 

This  will  affect  the  ratio  of  the  specific  heats  given  on  p.  417;  in 

the  first  case  —  will  be  1"585  instead  of  1*609,  and  in  the  second 
c 

1-338  instead  of  1'423.     Consequently  the  reasoning  at  the  end  of 

§  20,  \\hich  depends  on  these  ratios,  will  be  invalidated.     If  the 

quantity  I  were  positive,  as  in  the  paper,  we  should  get  gases  cooling 

when  they  combine,  or  passing  from  one  state  into  a  less  stable  state. 

1  am,  Gentlemen, 

Yours  trulv, 

A\' .  M.  Hicks. 
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XL  On  Chemical  Classification.  By  M.  M.  Pattison  MuiR, 
F.R.S.E.,  Assistant  Lecturer  on  Chemistry,  The  Owens  Col' 
lege,  Manchester*. 

1.  "  T)  Y  the  classification  of  any  series  of  objects  is  meant 
J-^  the  actual  or  ideal  arrangement  together  of  those 
which  are  like  and  the  separation  of  those  which  are  unlike, 
the  purpose  of  this  arrangement  being,  primarily,  to  disclose 
the  correlations  or  laws  of  union  of  properties  or  circumstances, 
and,  secondarily,  to  facilitate  the  operations  of  the  mind  in 
clearly  conceiving  and  retaining  in  the  memory  the  characters 
of  the  objects  in  question. "f. 

In  the  classification  of  a  series  of  objects  we  wish  to  discover 
the  deepest  and  most  general  resemblances  which  hold  good 
between  these  objects  ;  we  do  not  wish  for  mere  arbitrary  de- 
finitions. In  a  perfect  system  of  classification,  each  class  of 
objects  must  be  distinguished  from  all  other  classes  by  some 
quality  or  qualities  admitting  of  accurate  definition  ;  these  qua- 
lities, or  at  least  one  of  them,  must  be  of  comparatively  easy 
recognition  ;  and,  further,  these  properties  must  be  really 
correlated  with  every  member  of  the  class  ;  that  is,  each  and 
every  property  must  exist    in   each   individual  of  the  class. 

The  advantages  of  such  a  classification  are  apparent.  Given 
a  new  object,  by  inspection  or  experiment  we  discover  that 
this  object  possesses  one  of  the  more  marked  characteristics  of 
a  certain  class  ;  we  therefore  infer  that  it  possesses  the  remain- 
ing characteristics  of  this  class  :  hence  we  at  once  learn  a  great 

*  Communicated  by  the  Author. 

t  W.  Stanley  Jevons,  modifying  the  words  of  Huxley,  *  Principles  of 
Scii^nce,'  vol.  ii.  p.  .348. 

Phil.  Mag.  S.  5.  Vol.  4.  No.  23.  Aug.  1877.  G 
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deal  concerning  the  new  object.  Tlie  difficulties  of  such  a 
classification  are  also  apparent.  We  may  find  certain  proper- 
ties correlated  together  in  two  individuals  ;  these  individuals 
we  form  into  a  class.  Yet  we  may  discover  another  individual 
having  properties  which  almost  oblige  us  to  admit  it  into  this 
class,  and  nevertheless  in  one  or  more  of  its  properties  it  shall 
differ  from  the  100  individuals  originally  examined.  For 
instances,  the  metals  formed  a  tolerably  well-defined  class  of 
substances  before  the  time  of  Davy.  One  of  the  apparently 
best  established  characteristics  of  this  class  was  high  specific 
gravity  ;  this  mark  was  correlated  in  all  the  known  metals 
with  malleability,  lustre,  a  certain  position  in  the  electric 
series,  &c.  But  T)avy  discovered  two  substances  which  were 
possessed  of  specific  gravities  less  than  that  of  water,  but 
which  the  chemist  was  nevertheless  obliged  to  admit  into 
the  class  of  metals. 

The  mark,  tlie  characteristic  of  a  class,  is  not  therefore 
always  that  property  which  strikes  the  casual  observer  as  in  a 
hio-h  degree  diagnostic  of  the  class. 

There  is  another  allied  source  of  difficulty  in  classification : 
although  we  have  examined  with  the  greatest  care  the  indi- 
vidual objects  forming  a  class,  and  have  established  the  universal 
correlation  of  certain  properties,  it  is  nevertheless  possible  that 
new  substances  may  be  discovered  Avhich  shall  exhibit  the  whole 
of  these  properties  save  one.  We  shall  probably  be  obliged  to 
admit  the  new  substances  to  the  class  which  we  have  formed;  but 
we  shall  at  the  same  time  be  obliged  to  define  anew  the  proper- 
ties of  the  members  of  the  class.  Of  course  it  would  be  possible 
to  make  a  new  class  for  the  newly  discovered  substances  ;  but 
if  the  general  analogies  of  these  substances  ])oint  to  a  close  con- 
nexion between  them  and  the  members  of  the  class  already  estab- 
lished, the  formation  of  a  new  group,  for  the  sake  of  maintain- 
ing unchanged  the  old  definition,  would  be  equivalent  to  doing 
away  with  one  of  the  chief  advantages  of  a  rational  system  of 
classification. 

2.  It  appears,  therefore,  as  if  every  system  of  classfication 
of  natural  objects  and  phenomena  must  of  necessity  be  subject 
to  frequent,  and  sometimes  to  radical  alterations.  Each  scheme 
of  classification  is  a  more  or  less  perfect  representation  of  the 
state  of  knowledge  in  that  branch  of  science  to  which  it  ap- 
plies at  the  time  of  its  production. 

With  the  advance  of  knowledge  the  scheme  of  classification 
must  change.  Moreover  there  must  be  minor  and  subsidiary 
systems  of  classification  underlying  the  wider  and  more  gene- 
ral scheme.  To  take  an  instance  from  chemistry:  the  modern 
system  of  classification  is  mainly  founded  on  the  valency  of 
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the  elements  ;  but  the  arrangement  of  the  elements  into  groups 
according  to  their  valency  does  not  interfere  with  the  arrange- 
ment of  the  same  elements  into  other  groups  in  accordance 
with  their  specific  gravity,  their  electric  and  thermal  conduc- 
tivity, their  malleability,  their  atomic  weights,  &c.  &c.  In  fact, 
the  nearer  we  rise  to  a  perfect  system  of  classification  (which, 
however,  we  can  never  attain  to)  the  more  useful  do  the  sub- 
sidiary schemes  of  classification  become.  We  begin  even  now 
to  see  some  connexion  between  the  grouping  of  the  elements 
in  accordance  with  their  atomic  weigiits,  and  the  grouping  in 
accordance  with  general  physical  properties,  or  with  valency. 

3.  In  an  actual  system  of  classification  as  practised  in  any 
branch  of  science  we  find  a  more  or  less  complete  fulfilment 
of  the  requisites  of  a  perfect  system.  The  qualities  by  which 
each  class  is  marked  off  from  all  other  classes  of  objects  some- 
times admit  of  very  accurate  definition,  sometimes  they  are 
more  vague.  Each  and  every  property  regarded  as  character- 
istic is  not  always  existent  in  every  member  of  the  class. 

In  cases  where  it  becomes  very  difficult  to  define  the  essen- 
tial characteristics  of  a  class,  recourse  is  sometimes  had  to 
classification  by  types.  An  ideal  type  is  erected,  to  which 
the  members  of  a  given  class  more  or  less  approximate. 
This  method  of  classification  has  been  used  to  a  consider- 
able extent  in  the  biological  sciences.  "  The  type  of  each 
genus  should  be  that  species  in  which  the  characters  of  its 
group  are  best  exhibited  and  most  evenly  balanced  "*. 

A  similar  method  has  been  adopted  in  chemistry.  Per- 
plexed with  the  difficulty  of  giving  such  a  definition  of  the 
term  "  metal  "  as  should  mark  off  one  group  of  elementary 
bodies  from  that  other  group  the  members  of  which  are  com- 
monly known  as  metalloids,  chemists  have  endeavoured  to 
imagine  a  substance  possessing  certain  well-marked  proper- 
ties, some  of  Avhich  are  always  exhibited  by  those  elements 
which  by  common  consent  are  designated  as  metals.  Ac- 
cording as  any  element  in  its  general  properties  approaches 
to  or  recedes  from  this  ideal  type,  so  is  it  to  be  classed  among 
the  metals  or  among  the  non-metals.  Such  a  scheme  of  clas- 
sification is  evidently  most  incomplete,  and  is  altogether  want- 
ing in  those  characteristics  which  are  the  marks  of  a  perfect 
system.  In  how  far  must  the  individual  element  approach 
the  type  in  order  that  it  shall  be  admitted  to  the  class  of 
metals?  Must  an  elemcnit  aspiring  to  be  called  a  metal  possess 
three  fourths  of  those  properties  which  are  characteristic  of 
the  type,  or  will  the  half  be  considered  sufficient  ?     A  scheme 

*  Waterhouse,  quoted  by  Woodward  in  *  Rudimentary  Treatise  of  Re- 
cent and  Fossil  Shells,"  p.  Ul. 

G2 
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of  classification  by  types  leads,  if  logically  carried  out,  to  the 
establisliment  of  a  number  of  subsidiary  classes,  each  charac- 
terized by  its  own  qualities. 

4.  The  various  systems  of  classification  which  have  predo- 
minated in  chemical  science  may  be  broadly  divided  into  two 
groups  : — those  in  which  chemical  substances  have  been  clas- 
sified in  accoi'dance  Avitli  the  functions  performed  by  them  ; 
and  those  in  which  chemical  substances  have  been  classified 
in  accordance  with  their  composition.  I  shall  endeavour  to 
give  a  slight  historical  sketch  of  the  various  systems  of  che- 
mical classification. 

5.  Before  the  time  of  Black,  Cavendish,  Priestley,  and 
Lavoisier  and  his  associates,  we  find  chemists  paying  almost 
exclusive  attention  to  the  action  of  bodies  without  inquiring 
into  their  composition.  We  find  accounts  of  many  experi- 
ments upon  the  mutua  action  of  salts  and  acids,  metals  and 
semimetals,  and  so  on ;  but,  because  of  the  absence  of  mea- 
surements of  the  quantities  of  the  various  reacting  bodies,  we 
find  nothing  but  vagueness.  The  mere  qualitatiAC  study  of 
reactions  never  led  to  any  far-reaching  generalizations. 

Casual  coincidences,  vague  analogies,  were  followed  up  ; 
principles  were  imagined  to  exist  in  various  substances  ;  and 
by  the  supposed  existence  of  these  imagined  principles  sub- 
stances were  grouped  together.  Thus  we  have  the  principle 
of  acidity,  the  mercurial  principle  existent  in  metals,  and  many 
other  similar  fantasies. 

The  nomenclature  of  chemistry  at  the  time  preceding  that 
of  the  introduction  of  Bergman's  system  was  a  nomenclature 
based  in  many  particulars  on  the  mere  qualitative  study  of 
reactions.  Such  names  as  oil  of  vitriol,  butter  of  antimony, 
liver  of  stdphur,  sugar  of  lead,  milk  of  lime,  &c.  call  attention 
only  to  the  outer  and  shallow  analogies  of  appearance,  consist- 
ence, colour,  &c.  of  the  substances  named.  According  as  at- 
tention was  directed  to  this  or  to  that  reaction  of  one  and  the 
same  substance,  so  was  a  difierent  name  devised  for  that  sub- 
stance ;  thus  we  meet  with  carbonate  of  potassium  under  the 
names  oi fixed  salt  of  tartar,  fixed  vegetable  alkali,  chalky  tartar, 
alkahest  of  Vaji  Ilelmont,  &c.  &c. 

The  study  of  qualitative  reactions  could  lead  to  no  true  con- 
ception of  the  essential  function  exerted  by  any  substance  ; 
hence  not  only  in  the  nomenclature,  but  also  in  actual  prac- 
tice do  we  find  constant  failure  to  distinguish  between  essen- 
tially distinct  substances.  The  fact  that  a  substance  effervesced 
on  addition  of  acid  appears  to  have  been  adopted  as  character- 
istic, and  to  have  led  to  the  confused  grouping  together  of 
sevei'al  different  compounds  under  the  name  of  Alkali.     But 
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with  the  appearance  of  Black's  famous  research  upon  the  mild 
and  ciiustic  alkalies,  a  new  era  in  chemical  classification  takes 
its  beginning.  The  use  of  (juantitative  experiment  introduced 
by  Black  was  vigorously  pursued  by  Cavendish,  Lavoisier, 
and  the  French  chemists ;  and  soon  the  method  began  to  bear 
fruit. 

6.  Lavoisier's  'Elements  of  Chemistry,'  when  compared 
with  such  a  work  as  Macquer's  '  Chemistry,'  published  some 
thirty  years  before,  appears  to  deal  with  an  entirely  new 
science  ;  or,  rather,  the  latter  book  has  scarcely  any  claim  to 
be  regarded  as  a  scientific  treatise,  while  the  former  possesses 
the  requisites  of  such  a  work  in  a  mai'ked  degree.  The  honour 
which  is  everywhere  paid  to  the  name  of  Lavoisier  is  due  to 
him,  it  appears  to  me,  not  so  much  becaUvSe  of  any  discovery  of 
what  happens  when  a  body  burns,  as  because  of  the  new 
method  which  he  was  the  first  to  carry  out  systematically  in 
chcmidd  research  and  in  chemical  classification.  Lavoisier 
endeaA'oured  to  throw  aside  preconceived  notions  concerning 
natural  objects,  and  to  rise  to  true  generalizations  by  reason- 
ing from  actually  observed  facts.  His  definition  of  an  ele- 
ment is  still  regarded  as  the  only  truly  scientific  definition 
which  can  be  adopted*. 

From  a  study  of  the  products  obtained  by  burning  phos- 
phorus, carbon,  sulphur,  &c.  in  oxygen,  Lavoisier  was  led  to 
regard  all  acids  as  substances  rich  in  oxygen.  Further, 
partly  front  his  definition  of  an  element,  partly  from  the 
study  of  the  substances  just  mentioned,  he  was  led  to  re- 
gard every  salt  as  formed  by  the  union  of  an  acid  with  a 
radicle,  the  radicle  itself  being  either  simple  or  compound. 
This  conception  of  the  coniposition  of  salts  found  its  full  de- 
velopment in  the  dualistic  theory  of  Berzelius. 

But  Lavoisier  could  not  follow  out  his  own  method  with 
perfect  exactitude.  He  was  still  so  far  under  the  trammels  of 
the  school  which  preceded  him,  as  to  be  unable  to  escape  alto- 

*  Lavoisier's  words  are  as  follows  (Ker's  translation  of  Lavoisier's 
*  Elements  of  Chemistry,'  Preface,  p.  22): — "  If  by  the  term  Elements  we 
mean  to  express  the  simple  and  indivisible  atoms  of  which  matter  is  com- 
posed, it  is  extremely  probable  we  know  nothing  at  all  about  them  ;  but 
if  we  apply  the  term  elements  ov principles  of  bodies  to  express  our  idea  of 
the  last  point  which  analysis  is  capable  of  reaching-,  we  must  admit  aa 
elements  all  the  substances  into  which  we  are  able  to  reduce  bodies  bv 
decomposition.  Not  that  we  are  entitled  to  affirm  that  those  substances 
which  we  consider  as  simple  may  not  themselves  be  compounded  of  two 
or  even  of  a  greater  number,  of  more  simple  principles  ;  but  since  these 
principles  cannot  be  separated,  or,  rather,  since  we  have  nt)t  hitherto  dis- 
covered the  means  of  separating  them,  they  act  with  regard  to  us  as  simple 
substances ;  and  we  ought  never  to  suppose  them  compounded  until  ex- 
periment and  observation  have  proved  them  to  be  so." 
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gether  from  the  sway  of  imagined  "  principles."  Although 
he  knew  of  oxygen  only  in  the  form  of  gas,  he  nevertheless 
could  scarcely  accept  the  results  of  experiment,  but  endea- 
voured to  regard  gaseous  oxygen  as  pure  or  " concrete  " 
oxvgen,  plus  a  something  which  he  called  caloric.  He  ap- 
pears to  have  thought  that  all  "  pure "  substances  were 
solids,  and  that  by  combining  with  this  subtle  kind  of 
matter,  caloric,  they  became  lirst  liquids  and  then  gases. 
In  Lavoisier's  time  the  conception  of  matter  and  force  as 
distinct,  but  real,  existences  had  not  become  generally  ac- 
cepted among  scientific  men,  although  the  Prlncijyia  had 
been  written  sixty  years  before.  The  doctrine  of  Phlogiston, 
although  extinguished  in  its  more  palpable  form  by  Lavoi- 
sier himself,  keeps,  nevertheless,  reappearing  in  this  theory  of 
the  action  of  caloric.  If  we  interpret  both  theories,  the  Phlo- 
gistic and  the  Caloric,  in  the  light  of  modern  doctrines  of 
energy,  we  find  much  truth  in  each.  Again,  Lavoisier's 
generalization  regarding  the  nature  of  acids  was  not  based 
upon  a  sufiiciently  large  number  of  facts.  This  generali- 
zation led  him  astray  ;  it  led  him  to  forsake  the  plan  of 
strictly  experimental  inquiry  which  he  had  laid  down  for  him- 
self. On  the  hypothesis  that  all  acids  contain  oxygen,  it  fol- 
loM'ed  that  nmriatic  acid  must  contain  this  body ;  but  no  one 
had  been  able  to  separate  oxygen  from  muriatic  acid  ;  hence, 
on  Lavoisier's  own  showing,  he  should  not,  on  the  strength  of 
a  few  experiments  and  a  sweeping  generalization,  have  re- 
garded this  acid  as  a  compound  of  oxygen  with  an  unkno^\^l 
radicle.  Again,  although  he  found  that  certain  elementary 
substances  were  oxidized  by  heating  with  oxide  of  man- 
ganese or  wath  oxide  of  mercury,  he  was  nevertheless  not 
justified,  judged  in  the  light  of  his  own  method,  in  assuming 
that  the  action  of  the  former  of  these  compounds  upon  muriatic 
acid  was  an  oxidizing  action,  and  in  therefore  concluding  that 
the  gaseous  product  of  this  action  was  a  more  highly  oxygen- 
ated body  than  muriatic  acid  itself.  An  appeal  to  facts  and 
an  interpretation  of  the  observed  facts  in  accordance  with  the 
true  scientific  method  which  he  had  laid  down,  would  have  pre- 
vented Lavoisier  from  perplexing  the  chemical  world  Avith  his 
'^'  unknown  radicle  of  muriatic  acid  "  and  with  his  "  oxygenated 
muriatic  acid."  But  when  we  seethe  errors  which  are  being 
constantly  made  in  our  interpretation  of  facts,  even  when  we 
receive  that  aid  which  the  advance  of  science  affords  to  modern 
naturalists,  we  cannot  be  otherwise  than  astonished  at  the 
small  number  of  mistakes  made  by  Lavoisier,  nor  can  we 
grudge  him  the  highest  praise  for  the  wonderful  use  which  he 
made  of  his  great  powers  of  scientific  imagination. 
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If  pushing  feeble  analogies  too  far  led  Lavoisier  astray  as 
regards  the  constitution  of  hydrochloric  acid  and  chlorine,  a 
somewhat  similar  use  of  analogy  led  him  to  true  ideas  regard- 
ing the  constitution  of  the  alkaline  earths. 

Lavoisier  observed  that  metals  dissolved  in  acids  with  efferves- 
cence, and  that  bases  dissolved  without  effervescence  ;  he  fur- 
ther observed  that  lime  and  magnesia  dissolved  in  acids  without 
effervescence  :  hence  he  inferred  that  the  latter  substances  are 
probably  compound  bodies.  In  this  case  Lavoisier  j)ut  forward 
his  views  regarding  the  constitution  of  those  alkaline  earths 
in  the  forni  of  an  hypothesis  only  ;  the  hypothesis  was  useful 
as  a  guide  in  future  work,  and  was  most  fruitful  of  good  re- 
.sults.  Li  the  cases  of  hydrochloric  acid  and  of  chlorine,  Lavoi- 
sier put  forward  what  was  really  an  hypothesis,  founded  on 
much  the  same  kind  of  evidence  as  the  hypothesis  concerning 
the  nature  of  lime  and  magnesia,  as  an  ascertained  fact. 
The  false  fact  retarded  the  advance  of  science,  and  raised 
many  prejudices  in  the  minds  of  chemists  which  future  in- 
vestigators found  it  hard  to  remove. 

7.  The  views  of  Lavoisier  concerning  the  constitution  of 
salts  were  developed  by  Berzelius  in  the  terms  of  his  famous 
theory  of  Dualism. 

Starting  with  the  assumption  that  a  salt  is  formed  by  the 
union  of  an  acid  with  a  simple  or  compound  radicle,  Ber- 
zelius representeil  all  salts  as  built  up  of  two  parts  held  too-e- 
ther  by  electric  force  of  some  kind.  These  two  parts  mioht 
consist  of  two  simple  elements,  or  of  two  radicles  themselves 
built  up  of  almost  any  conceivable  number  of  elements.  How- 
ever complicated  the  radicles,  Berzelius  regarded  the  salt  as 
consisting  of  two  distinct  parts  tied  together,  as  it  were,  by  an 
electric  cord,  which  was  sometimes  assisted  by  the  intervention 
of  a  third  radicle  called  a  copula.  The  rise  of  the  atomic  theory 
furnished  Berzelius  with  a  means  for  presenting  his  h-vpothesis 
in  its  most  favourable  colours.  The  idea  that  chemical  union 
is  a  union  between  atoms  seemed  to  find  its  natural  outcome 
in  the  theory  of  Berzelius.  If  atoms  combine,  why  cannot 
groups  of  atoms  do  the  same?  Can  we  avoid  regarding  a  salt 
as  made  up  of  bundles  of  atoms,  these  bundles  being  themselves 
composed  of  simpler  atoms  ?  The  theory  of  Dualism  appeared 
to  explain  the  composition  of  all  known  compounds  ;  it  was 
triumphant. 

If  we  compare  the  views  of  Berzelius  with  those  of  the 
.predecessors  of  La-\'oisier,  we  find  that  while  with  them 
function  was  all,  with  Berzelius  composition  was  supreme. 
The  alchemists  and  iatrochemists  asked.  What  does  this  sub- 
stance do  ?     Berzelius  asked,  Of  what  is  this  substance  com- 
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posed  ?  The  futile  attempts  of  the  alchemist  to  found  a  science 
naturally  led  those  who  were  the  authors  of  the  true  chemistry 
to  disparage  the  method  of  their  predecessors  to  an  extreme 
degree.  Nothing  was  to  be  hoped  for  from  a  desultory  gather- 
ing together  of  innumerable  reactions  ;  the  quantitative  study 
of  the  composition  of  substances  appeared  to  promise  brilliant 
results  :  hence  Lavoisier  tended  to  overlook  the  quantitative 
study  of  reactions,  while  paying  all  regard  to  the  quantitative 
study  of  the  composition  of  bodies.  This  disregard  of  reac- 
t'ons  was  carried  to  its  extreme  by  Berzelius  and  his  school, 
and  found  its  full  development  in  a  theory  which  was  always 
ready,  Avith  its  compound  radicles  and  its  copulae,  to  give 
the  correct  constitutional  formula  for  each  new  substance  as 
soon  as  it  was  discovered,  without  waiting  for  the  tedious 
detail  of  reactions  and  decompositions,  which,  if  not  in  keep- 
ing with  the  theoretically  deduced  formula,  were  to  be  re- 
garded as  the  products  of  a  disordered  brain*. 

But  it  was  impossible  that  a  true  classification  could  be  based 
upon  such  one-sided  views  as  those  of  Berzelius  and  the  up- . 
holders  of  the  dualistic  school.  They  had  done  their  work  in 
advancing  the  knowledge  of  the  empirical  composition  of  com- 
pounds, in  determining  with  accuracy  the  combining-num- 
bers  of  many  elements,  in  insisting  upon  the  aid  to  be  de- 
rived from  a  knowledge  of  the  composition  of  substances 
in  forming  a  system  of  classification,  and  perhaps  in  paving 
the  way  for  the  subsequent  conception  of  compound  radicles. 

8.  The  experiments  of  Dumas  upon  acetic  and  chloracetic 
acids  mark  the  rise  of  the  modern  school  of  chemistry  and 
of  the  modern  systems  of  classification. 

Dumas  found  that  chlorine  reacts  upon  acetic  acid  to  form 
a  substance  possessed  of  many  of  the  properties  of  the  original 
acid,  but  nevertheless  containing  chlorine.  The  dualistic 
school  interpreted  the  results  of  the  analyses  of  acetic  and 
chloracetic  acids  as  pointing  to  entirely  different  constitutional 
formulge  for  these  bodies.  If  this  be  so,  replied  Dumas, 
whence  comes  the  extreme  similarity  of  properties  ?  We 
have  in  this  reasoning  of  Dumas  a  distinct  partial  return  to 
the  older  ideas  of  the  predecessors  of  Lavoisier.  Function 
again  begins  to  assume  importance  in  classificatory  schemes. 
Dumas,  Laurent,  Gerhardt,  and  their  followers  founded 
the  new  school  of  Substitutionists  as  opposed  to  the  upholders 
of  Dualism.  The  new  school  regarded  the  chemical  mole- 
cule as  one  whole,  parts  of  which  might  be  sometimes  with- 
drawn and  their  place  taken  by  other  parts  without  disturb- 
ing the  stability  of  the  building.     Hence  the  idea  of  com- 

*  See  Laureot, '  Chemical  Metliod,'  Cavendisli-Sociely  Ed.,  p.  32  &c. 


Mr.  M.  M.  Pattison  Muir  on  C/iemical  Classijication.      89 

pound  radicles  as  imagined  by  the  school  of  Berzelius  was 
exceedingly  distasteful  to  the  substitutionists.  The  properties 
of  a  compound  depended,  in  their  view,  not  so  much  upon  the 
elements  which  it  contained  as  upon  the  position  of  these 
elements. 

We  have  in  the  idea  of  substitution,  as  a  guide  in  classifi- 
cation, a  distinct  advance  upon  the  idea  of  dualism.  The 
sole  point  upon  which  the  attention  must  be  concentrated  is 
not,  says  the  upholder  of  substitution,  the  composition  of  a 
substance  ;  we  must  also  pay  regard  to  its  reactions,  whether 
of  formation  or  of  decomposition.  The  new  school  therefore 
attempted  to  combine  the  older  method  of  the  study  of  reac- 
tions with  the  newer  method  of  the  study  of  composition;  only 
it  made  the  former  study  of  real  importance  by  giving  it  a 
quantitative  significance. 

At  first  the  substitutionists  were  too  eager,  too  inclined  to 
regard  position  of  the  component  elements  as  all  important. 
Elated  with  the  success  which  had  attended  their  attacks  upon 
the  clumsy  and  often  contradictory  formulas  of  dualism,  they 
for  a  moment  forgot  the  truths  which  dualism  typified.  Espe- 
cially did  they  oppose  themselves  in  opposing  the  conception 
of  compound  radicles.  But  they  wanted  many  new  facts 
before  a  satisfactory  theory  could  be  established.  Destruc- 
tive criticism  could  be  carried  on  with  the  aid  of  but  few 
facts  ;  the  construction  of  a  new  wide-spreading  generaliza- 
tion was  only  to  be  hoped  for  as  the  result  of  long-conti- 
nued and  exact  labour. 

y.  The  facts  which  the  upholders  of  substitution  gathered  to- 
gether, taken  along  with  those  already  amassed  by  their  prede- 
cessors, soon  obliged  the  adherents  of  the  new  school  to 
look  on  the  nature  of  the  substituting  element  or  radicle  as 
influencing  the  nature  of  the  compound.  Thus,  by  substi- 
tuting potassium  in  place  of  part  of  the  hydrogen  of  water 
a  strongly  alkaline  substance  was  produced ;  by  substituting 
the  group  NO2  for  the  same  hydrogen,  a  strong  acid  was 
formed.  The  two  products  difi'ered  widely  in  their  proper- 
ties ;  nevertheless  they  might  be  both  regarded  as  derived 
from  the  same  original  substance  by  substitution.  Such  ex- 
periments as  this  led  to  the  idea  of  substituting  radicles, 
which  was  again  developed  into  the  modern  doctrine  of  com- 
pound radicles, — to  the  idea  of  types,  which  subsequently  found 
its  fullest  expression  in  the  general  theory  of  valency, — and, 
lastly,  to  the  reconcilement  of  the  two  ideas  formerly  opposed — 
namely,  that  all  depends  upon  the  position,  and  that  all  depends 
upon  the  natnre,  of  the  elements  or  radicles  in  a  compound 
body. 
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Let  us  for  a  moment  trace  the  development  of  these  ideas. 

Reactions  were  observed  which  could  be  best  explained  by 
supposing  that  a  group  of  elements  had  moved  from  one  com- 
pound into  another  without  the  members  of  the  group  becom- 
ing separated  from  one  another,  and  without  disturbing  the 
equilibrium  of  the  molecule  of  the  compound  into  which  the 
group  entered.  These  groups  might,  or  might  not,  be  isolated  ; 
the  theory  did  not  demand  any  proof  of  their  actual  existence 
in  the  free  state  ;  they  were  regarded  merely  as  hypothetical 
existences  which  served  to  bring  out  analogies  between  groups 
of  reactions  which  could  not  find  an  explanation  in  terms  of 
any  other  theory. 

The  application  of  this  theory  of  substituting  radicles  was 
soon  attended  with  the  discovery  of  relationships  between 
bodies  which  appeared  to  have  but  slight  analogies  with  one 
another  when  viewed  in  the  light  of  the  older  theory  of  Dualism. 
The  researches  of  Liebig  and  Wohler  upon  the  benzoyl  com- 
pounds fomid  their  interpretation  in  the  theory  of  substituting 
radicles.  Berzelius  had  also  spoken  of  radicles:  he  had  indeed 
represented  all  compounds  as  built  up  of  radicles,  simple  or 
compound  ;  but  the  radicles  of  dualism  had  almost  nothing  in 
common  with  those  of  the  new  school.  Although  the  substi- 
tutionist  had  once  denied  the  existence  of  compound  radicles, 
he  was  now  oblio-ed  to  use  these  radicles  as  corner  stones  in 
building  up  the  edifice  of  the  new  chemistry.  But,  in  place 
-of  regarding  the  compound  as  consisting  of  two  separate  ex- 
istences held  together  by  a  mysterious  force,  aided,  it  miglit 
be,  by  a  third  separate  existence  mterposed  between  the  other 
■two,  the  substitutionist  looked  upon  the  molecule  of  a  com- 
pound as  essentially  a  whole ;  only  he  was  prepared  to  ac- 
kiiowledge  a  structure  of  some  kind,  he  would  not  deny  the 
existence  of  parts  in  this  whole,  and  he  was  even  ready  to 
admit  that  the  various  parts  were  probably  grouped  around  a 
central  mass  to  which  he  gave  the  name  of  compound  radicle- 
The  followers  of  Dumas,  Laurent,  and  Gerhardt  did  not  appeal, 
as  the  upholder  of  dualism  was  ready  to  do,  to  the  electrolysis 
of  salts,  and  claim  that  the  separation  of  the  salt  into  two  or 
more  parts  (themselves  compounded  of  simple  elements)  was 
proof  of  the  existence  of  these  parts  in  the  original  salt. 
He  was  aware  that  this  method  of  proof  could  be  turned 
against  the  man  who  employed  it,  and  that  a  dozen  different 
constitutional  formula  could  be  assigned  to  the  same  substance 
according  to  the  reaction  which  was  for  the  moment  contem- 
plated. He  was  content  to  group  together  the  general  ana- 
logies of  classes  of  compounds,  and,  without  insisting  upon  the 
necessary  truth  of  his  views,  to  endeavour  to  explain  these  re- 
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actions  by  assigning  to  each  substjince  such  a  hypothetical 
structure  as  should  include  in  itself  the  widest  possible  gene- 
ralization. 

And,  proceeding  thus,  the  upholder  of  the  unitary  system 
soon  began  to  see  that  compounds  might  be  distributed  into 
certain  classes,  at  the  head  of  each  of  which  might  be  placed 
one  compound  as  typical  of  all  the  members  of  the  class. 
Many  substances  might  be  derived  from  water  by  direct  or  bv 
indirect  substitution  ;  what  more  natural  than  to  regard  these 
substances  as  constituted  on  the  water  type  ?  So  arose  the 
types  of  hydrogen,  water,  ammonia,  and  marsh-gas. 

But  if  the  genetic  relations  between  compounds  were  ex- 
pressed by  the  use  of  types,  it  was  still  true  that  vast  differ- 
ences in  actual  properties  existed  between  many  of  those  sub- 
stances which  were  classed  under  the  same  type.  Hence  the 
chemist  who  employed  types  was  obliged  to  admit  that  the 
nature  of  the  substituting  element  or  radicle  powerfully  influ- 
enced the  nature  of  the  compound  produced,  although  the 
change  might  not  be  carried  so  far  as  actually  to  destroy  the 
equilibrium  of  the  system. 

Thus  we  see  how  the  new  chemistry  borrowed  some  of  its 
ideas  from  the  old — how,  although  at  first  it  appeared  as  the 
destroyer  of  the  system  of  Bcrzelius,  it  was  eventually  seen  to 
be  founded  upon  the  truths  Avhich  had  underlain  the  dualistic 
theory,  and  was  really  the  development  of  so  much  as  was 
lasting  in  the  generalizations  which  had  preceded  it. 

10.  But  the  theory  of  types  was  incomplete  :  it  was  ab- 
sorbed in  that  of  valency  or  atomicity. 

If  one  half  of  the  hydrogen  in  water  could  be  replaced  by  a 
certain  radicle,  while  another  radicle  was  capable  of  replacing 
the  whole  of  the  hydrogen  in  that  compound,  it  was  natunil 
to  regard  the  latter  radicle  as  in  a  certain  sense  equivalent  to, 
or  capable  of  doing  as  much  work  as,  two  of  the  former.  So 
if  one  third,  two  thirds,  or  the  whole  of  the  hydrogen  in  am- 
monia was  replaceable  by  one,  two,  or  three  atoms  of  certain 
radicles,  while  other  radicles  could  replace  the  hvdrogen  only 
as  a  whole,  it  was  no  far-fetched  idea  to  regard  the  latter 
radicles  as  equivalent  to  three  of  the  fonner. 

Having  got  hold  of  the  idea  of  varying  equivalencies,  che- 
mists recalled  the  old  experiments  of  Wenzel  and  Richter  upon 
the  saturation  of  bases  by  acids,  in  which  it  had  been  shown 
that  different  weights  of  such  bases  as  lime,  potash,  or  soda 
were  required  in  order  to  saturate  equal  quantities  of  the  same 
acid.  These  experiments  led  also  to  the  idea  of  varying  equi- 
valents. And  if  it  were  justifiable  to  view  compound  radicles 
as  possessed  of  different  capacities  of  saturation,  surely  the  same 
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idea  might  be  extended  to  the  elements  themselves.  The  hy- 
drogen in  water  was  capable  of  replacement  in  halves,  not  only 
by  compound  radicles  but  also  by  elementary  substances. 
Two  tlerivatives  of  water,  in  which  the  hydrogen  was  partially 
or  entirely  replaced  by  potassium,  could  be  prepared.  Other 
elements,  again,  were  capable  of  replacing  at  once  the  whole 
of  the  hydrogen.  But  one  derivative  of  water  was  known  in 
which  the  hydrogen  was  replaced  by  calcium  ;  but  in  this  deri- 
vative the  whole  of  the  hydrogen  was  replaced  by  the  metal. 
Hence  arose  the  idea  of  varying  capacities  of  saturation  of  the 
elements — that  is,  of  varying  valencies. 

It  would  be  out  of  place  in  such  a  paper  as  the  present  to 
trace  the  course  of  the  development  of  the  idea  of  valency.  By 
the  discovery  of  the  glycols,  of  the  alcoholic  nature  of  glyce- 
rin, of  the  relations  existing  between  polybasic  acids,  polyacid 
bases,  and  polyatomic  alcohols,  the  idea  gradually  advanced  to 
maturity.  Today  valency  is  one  of  the  fundamental  ideas 
upon  which  the  scheme  of  chemical  classification  rests. 

11.  I  have  thus  endeavoured  to  show  that  the  methods  of 
classification  adopted  during  the  earlier  stages  of  the  develop- 
ment of  chemical  science  may  be  classed  as  methods  based 
upon  (1)  the  reactions,  and  (2)  the  composition  of  the  sub- 
stances classified.  I  have  also  attempted  briefly  to  indicate 
how  the  fusion  of  these  two  methods  into  a  wider  system, 
which  should  pay  regard  alike  to  function  and  to  composition 
in  attempting  to  frame  an  exhaustive  classification  of  chemical 
substances,  was  accomplished. 

In  the  first  paragraph  of  the  present  paper  I  indicated  the 
leading  features  of  a  perfect  system  of  classification — viz.  the 
use  of  qualities  capable  of  accurate  definition  as  means  for  dis- 
tinguishing between  class  and  class,  the  need  of  employing 
qualities  some  of  which  at  least  should  be  capable  of  ready  re- 
cognition, and  the  necessity  for  the  existence  of  each  and  every 
distinguishing  property  in  each  individual  of  a  class. 

Tried  by  these  tests,  each  system  of  classification  which  we 
have  briefly  noticed  must  be  pronounced  wanting.  The  pre- 
decessors of  Lavoisier  were  generally  totally  unable  to  define 
the  characteristic  qualities  of  a  class.  Lavoisier  himself  gave 
a  sure  and  satisfactory  definition  of  elementary  and  compound 
bodies  ;  but  he  made  much  of  the  composition  of  salts  ;  and  to 
the  question  what  is  a  salt?  the  chemist  can  hardly  yet  give  a 
satisfactory  answer.  Berzelius  viewed  all  compounds  as  dual 
bodies ;  but  how  are  we  to  define  the  characteristics  of  that 
vast  array  of  radicles  by  the  combination  of  which  all  com- 
pounds were  supposed  to  be  produced?  What  definite  know- 
led  o-e  did  the  school  of  dualism  afford  as  to  the  correlation  of 
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general  chemical  properties  with  the  composition  of  the  coni- 
})onnd  nulicle  ?  It  required  tli(;  genius  of  a  ]ierzelius  to  j)ierce 
the  veil  which  shrouded  the  inner  constitution  of  bodies  from 
tile  vulgar  gaze,  and  to  tell  authoritatively,  by  the  juxtaposition 
of  what  radicles  the  substance  was  built  up.  The  upholders 
of  substitution  and  of  the  unitary  theory  endeavoured  to  cor- 
rehite  together  general  chemical  function  and  atomic  structure: 
and  in  so  doing  they  made  a  stej)  in  advance;  for  they  took  a 
wider  view  of  the  necessities  of  a  perfect  scheme  of  chemical 
classification.  But  general  chemical  function  is  a  somewhat 
vague  term  ;  and  the  use  of  types  as  a  means  of  classification, 
although  doubtless  a  distinct  gain  to  chemical  science,  almost 
for  the  time  increased  the  vagueness.  I  have  already  pointed 
out  some  of  the  essential  weaknesses  of  a  classification  by  types: 
these  weaknesses  Avere  illustrated  in  the  case  of  chemistry. 
From  the  vagueness  of  a  typical  classification  we  may  be  said 
to  have  now  emerged  into  the  greater  definiteness  of  a  system 
largely  based  upon  the  valency  of  the  elementary  atoms.  But 
does  this  system  give  us  a  means  for  definitely  settling  the 
characteristics  of  each  class  ?  Does  it  enable  us  to  mark  ott' class 
from  class  ?  Can  we  by  its  aid  correlate  the  leading  charac- 
teristics of  each  class  with  the  valency  of  the  elementary 
atoms  ?  And,  lastly,  is  there  a  clear  connexion  between  valency 
and  those  chemico-physical  properties  of  elements  and  com- 
j)ounds  which  modern  chemistry  has  brought,  and  is  every  day 
bringing,  into  so  great  a  prominence?  I  shall  endeavour 
shortly  to  answer  some  of  these  questions. 

12.  But  we  cannot  fairly  regard  the  idea  of  valency  as  a 
basis  for  classification  aj)art  from  those  other  ideas  to  which  it 
has  given  rise,  notably  the  idea  of  atom-linking  or  molecular 
structure.  Let  us  therefore  shortly  review  the  more  important 
ideas  connected  with  this  term  valency  *. 

And  at  the  outset  it  is  well  to  bear  in  mind  that  the  valency 
of  an  element  is  a  pure  number ;  it  is  the  number  obtained  by 
dividing  the  atomic  weight  by  tlu;  equivalent  of  the  element. 
Thedeterminationofthevalency  of  an  element  therefore  presujj- 
poses  the  determination  of  the  atomic  weight  and  of  the  equiva- 
lent of  that  element.  Those  weights  of  different  elements  are 
said  to  be  eijuivalent  which  are  capable  of  binding  to  themselves 
equal  weights  of  a  third  substance,  immediately,  and  without  the 
intervention  of  another  body.  Hydrogen  is  the  unit  of  equiva- 
lency. We  know  of  certain  elements  which  combine  imme- 
diately with  hydrogen  in  the  proportion  of  one  atom  to  one 

*  In  preparing  this  part  of  my  paper  I  have  made  free  use  of  that  great 
work  on  theoretical  chemistry,  Die  modernen  Thenrien  der  Chemie,  bv 
Lothar  Meyer. 
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atom,  and  in  this  proportion  only.  These  elements  may  there- 
fore be  employed,  in  place  of  hydrogen,  in  determining  equi- 
•\'alents.  We  know  also  of  certain  compound  radicles  which 
combine  immediately  with  hydrogen,  or  with  those  elements 
alluded  to  in  the  preceding  sentence,  only  in  the  proportion  of 
one  atom  to  one  atom*;  we  may  therefore  employ  these  com- 
pound radicles  in  determining  equivalents.  The  amount  of  an 
element  which  combines  immediately  with  one  atom  of  hydro- 
gen, or  with  one  atom  of  chlorine,  bromine,  iodine,  fluorine, 
methyl,  ethyl,  &c.  is  therefore  the  equivalent  of  that  element. 
The  determination  of  equivalents  evidently  supposes  that  the 
atomic  weights  of  the  standard  elements  are  known,  also  that 
the  number  of  atoms,  in  the  compound  under  consideration,  of 
the  standard  element,  and  also  of  that  element  whose  equiva- 
lent is  sought  for,  can  be  determined.  Before  the  equivalent 
of  an  element  can  be  known,  the  molecular  weights  of  a  num- 
ber of  compounds  and  the  atomic  weights  of  the  elements  in 
these  compounds  must  be  determined.  Many  difficulties  have 
to  be  encountered  in  determining  molecular  and  atomic 
weights.  But  until  a  number  of  these  weights  have  been  de- 
termined, we  cannot  satisfactorily  deduce  the  equivalent  of  an 
element,  and  consequently  we  cannot  fix  the  valency  of  the 
element. 

13.  The  molecular  weights  of  those  compounds  which  are 
capable  of  passing  into  the  gaseous  state,  at  attainable  tempe- 
ratures, without  undergoing  decomposition,  can  alone  be  deter- 
mined with  accuracy  in  the  present  state  of  our  knowledgef. 
Hence,  if  determinations  of  molecular  weights  must  precede  a 
knowledge  of  the  valency  of  an  element,  it  follows  that  we  have  as 
yet  no  accurate  knowledge  of  the  valency  of  a  majority  of  the 
elements.  Indeed,  strictly  speaking,  we  do  not  know  with  ab- 
solute accuracy  the  valency  of  any  element,  because,  although 
we  have  determined  the  molecular  weights  of  the  haloid  com- 
pounds, or  of  the  hydrides,  methides,  kc.  of  many  elements, 
we  have  not  determined  (with  our  present  knowledge  we  can- 
not determine)  the  atomic  weights  of  the  constituent  elements. 
We  certainly  have  fixed  on  numbers  representing  the  maximum 
atomic  weights  ;  but  whether  these  are  the  true  atomic  weights  or 
not  we  cjinnot  say.    In  most  cases  the  probability  that  the  ac- 

*  Although  it  is  scarcely  correct  to  speak  of  an  atom  of  a  compound, 
yet  in  the  case  of  certain  compound  radiclt- s  the  expression  is  perhaps  ad- 
missible :  thus  CH3  may  be  regarded  as  the  atom,  (Clfj)^  as  the  molecule 

of  methyl.  .  ,        ,. 

t  The  method  for  determining  the  molecular  weights  of  gaseous  com- 
pounds is  itself  founded,  like  scientific  methods  generally,  on  an  hypo- 
thesis; this  hypothesis  has  hitherto  fulfilled  all  the  requisites  of  a  good 
hypothesis. 
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cepted  numbers  are  the  true  atomic  weights  is  very  great ;  it 
never,  however,  amounts  to  certainty.  But  in  all  our  measure- 
ments we  can  only  deal  with  greater  or  lesser  degrees  of  ])robabi- 
lity,  and  with  probability  we  must  be  content.  The  commonly 
accepted  fornmla  for  potassium  chloride  is  KCl,  the  atomic 
weight  of  chlorine  is  almost  certainly  35*37,  the  atomic  weight 
of  potassium  is  very  probably  3'J*13;  but  the  kind  of  evidence 
upon  which  we  base  the  assumption  that  the  molecular  weight 
of  potassium  chloride  is  represented  by  the  formula  KCl 
would  lead  us  to  the  fonnula  CH  as  expressive  of  the  mole- 
cular weight  of  benzene.  Conclusions  as  to  valency  drawn 
from  a  consideration  of  compounds  whose  molecular  weights 
are  unknown  (that  is,  from  com])ounds  the  densities  of  whose 
vaj)Ours  have  not  been  determined)  are  more  or  less  misleading. 

14.  The  second  dithculty  which  must  be  overcome  before 
the  valency  of  an  element  can  be  known  is  the  determination 
oi  the  atomic  weight  of  that  element.  The  maxinmm  atomic 
weight  is  best  determined  by  estimating  the  smallest  relative 
quantity  of  the  given  element  contained  in  two  volumes  of  any 
of  its  gaseous  compounds,  the  usual  units  being  employed. 
Here,  again,  we  are  obliged  to  deal  only  with  gaseous  com- 
pounds. Failing  this  method,  or  as  a  check  upon  the  deter- 
minations made  by  this  method,  we  have  the  methods  of  specific 
heat  and  isomorphism,  and, lastly  (at  presentmost  indeterminate 
of  all),  the  method  of  general  chemical  analogies.  Although 
the  first  method  is  undoubtedly  the  best,  it  may  in  certain 
cases  be  advisable  to  ado})t  the  result  obtained  by  methods  2, 
3,  and  4  in  preference  to  that  obtained  by  method  1.  The 
connnonly  accepted  atomic  weight  of  iron  is  a  case  in  point. 

15.  Besides  these  two  main  difficulties,  viz.  determinations 
of  molecular  and  atomic  Meights,  there  are  other  subsidiary 
difficulties  attejiding  the  estimation  of  the  valency  of  an  ele- 
ment. Chief  among  these  stand  tlie  difficulties  arising  from 
the  existence  of  so-called  "  unsaturated  compounds  "  and  of 
so-called  "  molecular  compounds." 

16.  Compounds  are  known  in  which  the  whole  of  the  "equi- 
valents "  or  "  combining-powers  "  of  one  of  the  constituent 
atoms  are  not  saturated.  Thus,  although  the  great  mass  of 
evidence  obliges  us  to  regard  nitrogen  as  a  triad,  or  more 
probably  as  a  pentad,  and  oxygen  as  a  dyad  element,  the 
compound  NO  certainly  exists.  In  this  compound  one  at  least 
of  the  "  combining-j)owers  "  of  nitrogen  must  remain  unsatu- 
rated. So  also  the  compound  CO  is  an  unsaturated  compound, 
inasmuch  as  we  nmst  regard  the  carbon  atom  as  tetravalent. 
These  unsaturated  compounds  usually  combine,  with  tolerable 
ease,  with  additional  atoms:  CO  readily  forms  CO  CIj  &c. 
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But  it  is  not  always  easy  to  tell  when  we  are  dealing  with 
unsaturated  compounds.  We  have  many  reasons  for  believing 
that  the  compounds  of  the  members  of  the  nitrogen  group 
which  contain  three  atoms  of  monad  radicle  united  with  one 
atom  of  the  given  element  ai-e  really  unsaturated  compounds — 
that  the  members  of  this  group  are  really  pentavalent.  The 
formation  of  saturated  or  unsaturated  compounds  will  depend 
largely  on  the  total  force  exercised  by  the  combining  atoms ; 
and  this  will  be  again  conditioned  by  the  circumstances  under 
which  combination  takes  place  ;  so  that  the  mere  fact  that 
a  compound  shows  no  readiness  to  take  up  additional  atoms  is 
not  a  certain  proof  that  the  compound  is  really  saturated.  It 
is  only  from  a  study  of  the  general  characters  of  the  combi- 
ning atoms,  and  of  the  analogies  of  the  compound,  that  (as  I 
shall  endeavour  to  point  out  in  the  sequel)  probable  conclu- 
sions can  be  deduced  as  to  the  state  of  saturation  of  a  con:!pound. 
Conclusions  as  to  valency  drawn  from  the  consideration  of 
unsaturated  compounds  will  naturally  be  misleading. 

17.  There  are  certain  compounds,  to  all  aj)pearance  definite 
chemical  bodies,  which  are  incapable  of  becoming  gases  with- 
out undergoing  decomposition.  Sal  annnoniac,  for  instance, 
when  heated,  splits  up  into  ammonia  and  hydrochloric  acid ; 
but  Avhen  the  mixed  gases  are  allowed  to  cool,  sal  anmioniac 
is  re-formed.  Compounds  which  are  thus  dissociated  by  heat 
have  been  called  by  Kekulc  and  others  molecular  compounds, 
in  contradistinction  to  those  atomic  compounds  which  are 
stable  in  the  state  of  gases.  If  the  structure  of  those  com- 
pounds which  are  thus  decomposed  by  heat  is  essentially  dif- 
ferent in  kind  from  that  of  those  which  are  stable  at  high  tem- 
peratures, it  will  of  course  be  impossible  at  present  to  make 
use  of  the  former  in  attempts  to  solve  the  general  question  of 
valency.  Apart  altogether  from  any  opinion  as  to  the  exist- 
ence of  "  molecular  "  compounds,  the  mere  fact  that  certain 
bodies  are  broken  up  when  heated,  and  therefore  cannot  be 
obtained  as  gases,  at  once  shuts  out  such  substances  from  the 
cateo-ory  of  those  compounds  which  are  to  be  taken  into  account 
when  attempting  to  deduce  the  valency  of  an  element.  But 
inasmuch  as  many  chemists  still  appear  inclined  to  press  solid 
and  liquid  compounds  into  their  service  when  considering 
valency,  and  as  it  appears  to  me  that  the  errors  which  are 
thus  certain  to  be  made  (in  the  present  state  of  our  know- 
ledge) can  be  rendered  very  apparent  by  considering  the 
question  of  "  molecular  comj)ounds  "  in  general,  I  shall  endea- 
vour briefly  to  describe  the  two  main  views  which  have  been 
advanced  concerning  these  bodies,  and  to  recapitulate  shortly 
a  few  of  the  points  in  favour  of  each. 
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Very  striking  examples  of  the  class  of  compounds  nnder 
consideration  are  met  with  in  the  combinations  of  certain  of 
the  nitrogen  group  of  elements.  Sal  ammoniac  is  one  of  the 
most  common  of  these  compounds.  If  this  body  be  really  a 
chemical  com})Ound  of  tlu^  composition  expressed  by  the  for- 
mula NH4  CI,  then  nitrogen  is  a  pentad  element.  But  if  this 
be  so,  why  does  NH4  CI  split  up,  on  heating,  into  NH3  +  HCl  ? 
Because,  answers  one  school  of  chemists,  although  nitrogen  is 
a  pentad,  yet  its  ''affinities  "  or  "  combining-powers  "  are  of 
unequal  values  ;  three  are  stronger  than  the  other  two.  Or 
the  answer  may  be  stated  in  a  slightly  altered  form :  The 
nitrogen  atom  is  capable  of  exerting  force  in  five  directions ; 
but  the  amount  of  force  exerted  is  not  the  same  for  each  direc- 
tion. Another  school  gives  an  answer  somewhat  different 
from  this.  They  say  that  the  combining-powei's  of  nitrogen 
are  all,  originally,  of  equal  value,  but  that,  after  three  of 
these  have  been  saturated,  the  introduction  of  the  new  atoms 
has  so  modified  the  conditions  as  to  cause  the  remaining  com- 
bining-powers  to  l)e  weaker  than  they  originally  were.  These 
two  answers,  although  differing  somewhat,  are  yet  at  one  in 
regarding  sal  ammoniac  as  a  compound  the  same  in  kind  as 
water,  or  hydrochloric  acid,  or  any  other  body  which  is  known 
to  exist  undecomposed  in  the  state  of  gas.  But  a  third  school 
of  chemists  answers  tlie  qu(!stion,Why  does  sal  ammoniac  split 
up  when  heated  ?  in  a  totally  dift'erent  manner : — It  splits  up  so 
readily  because  it  is  of  an  essentially  different  structure  from 
those  compounds  which,  when  caused  to  become  gases,  remain 
undecomposed:  nitrogen  is  really  a  triad  ;  annnonia  (NH3)  is 
a  saturated  molecule ;  CI2  is  also  a  saturated  molecule ;  but  these 
two  molecules  are  capable  of  exerting  upon  each  other  a  certain 
degree  of  attraction  whereby  they  are  held  together,  presenting 
the  semblance  of  one  compound  molecule,  NH4CI,  which  is, 
however,  really  two  molecules.  Now  the  first  view,  viz.  that 
which  regards  nitrogen  as  a  pentad  element  and  sal  ammoniac 
as  a  true  atomic  com])ound,  certninly  allows  us  to  explain  the 
general  analogies  of  the  ammonium  salts  more  readily  than  the 
other  theory,  which  regards  the  nitrogen  atom  as  trivalent.  If 
the  latter  hypothesis  be  correct,  then  ammonium  sulphate  must 
be  a  molecular  compound  of  NH3  and  lis  SO4  (  =(NIi3)2  Hg  SO4). 
But  the  analogies  between  this  salt  and  potassium  or  sodium 
sulphate  are  many  and  well  marked.  We  can  scnrcely,  how- 
ever, regard  potassium  sulphate  as  other  than  a  salt  of  sulphu- 
ric acid — that  is,  a  body  in  which  the  hydrogen  of  the  acid  is 
really  replaced  by  the  metallic  atom  potassium  (  =  K2  SO4). 

But  although  the  Hrst  view  of  the  composition  of  sal  ammo- 
niac has  this  and  mony  other  points  in  its  favour,  which  I  can- 
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not  discuss  here,  it  does  not  follow  that  we  are  justified  in 
regarding  nitrogen  as  a  pentad,  and  in  quoting  the  probabi- 
lity of  NH4  CI,  and  not  NH3  HOI,  being  the  true  formula  of 
sal  ammoniac,  as  strong  evidence  in  favour  of  the  assertion — 
because  if  we  allovf  arguments  as  to  the  valency  of  nitrogen 
to  be  drawn  from  the  supposed  composition  of  sal  ammoniac, 
there  seems  nothing  to  hinder  our  extending  the  argument 
80  as  to  include  such  bodies  as  those  to  which  the  empirical 
formulae  NH4 ICI4,  NsHgPtClj,  NsHgPtClg,  N2H8HgCl4, 
&c.  are  assigned  ;  and  if  we  admit  these  compounds,  and 
others  like  them,  Ave  may  make  nitrogen  of  almost  any  va- 
lency we  choose.  We  may  also  extend  the  same  kind  of 
reasoning  to  other  elements  : — Because  KCIO3  and  KNO3  are 
isomorphous  and  show  other  points  of  analogy,  chlorine  is  a 
triad  or  it  may  be  a  pentad  ;  but  KCIO4  and  KMUO4  are  also 
isomorphous  ;  chlorine  appears  to  be  a  dyad  or  a  tetrad  ;  and 
so  on.  These  and  other  similar  contradictory  results  may  be 
obtained  by  admitting  solid  bodies  (that  is,  bodies  which  are 
either  decomposed  before  passing  into  the  gaseous  state,  or 
Avhich  have  never  yet  been  volatilized)  as  evidence  in  argu- 
ments concerning  valency. 

That  such  discrepancies  would  be  found  might  almost  be 
deduced  a  priori  from  what  we  know  of  the  nature  of  solids, 
liquids,  and  gases.  Whether  we  accept  or  reject  the  mole- 
cular theory  of  matter,  we  cannot  but  admit  that  there  is 
generally  a  greater  simplicity  in  the  structure  of  gases,  as 
indicated  by  their  properties,  than  in  that  of  liquids  and 
solids.  Two  simple  generalizations  express,  with  very  con- 
siderable exactitude,  the  action  of  heat  and  of  pressure  re- 
spectively upon  the  volumes  of  gases  ;  how  complicated  is  the 
expression  which  is  required  to  indicate  the  relation  between 
the  volume  of  a  single  solid  or  liquid  body,  and  increase  or 
decrease  of  temperature  or  pressure  I  How  shall  we  hope 
ever  to  frame  a  general  expression  which  shall  include  these 
relations  for  all  solids  or  for  all  liquids  ? 

It  must  be  admitted  that  the  molecule  NH4  CI  does  not 
exist  in  the  gaseous  state  under  any  conditions  hitherto  realized. 
Admitting  that  a  substance  which  is  a  true  atomic  compound 
of  N,  H,  and  CI  in  the  proportion  expressed  by  the  formula 
NH4  CI  does  exist  in  the  solid  state,  we  should  a  priori  expect 
that  its  molecular  structure  would  be  much  more  complicated 
than  this,  NH4  CI  ;  but  if  it  is  more  complicated  than  this,  all 
arguments  as  to  the  valency  of  nitrogen  which  are  based  on 
the  assumption  that  this  is  the  true  molecular  formula  are 
valueless. 

But  if  we  cannot  admit,  in  default  of  further  proof,  the  ex- 
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istencc  of  a  molecule  NH^  CI,  must  we  agree  with  those  who 
look  ou  sal  ammoniac  as  a  "  molecular  '  compound  of  am- 
monia and  hydrochloric  acid?  I  do  not  think  that  it  is  neces- 
sary for  us  to  do  so. 

The  difficulties  whic^h  must  be  overcome  by  the  theory 
of  molecular  compounds  arc  numerous.  First  of  all  there 
is  the  f^reat  difficulty  of  defining;  the  expression  "  molecular 
compound."  How  is  a  compound  of  this  class  to  be  dis- 
tinguished froju  an  atomic  compound  ?  I  do  not  think  I 
am  Avrong  in  saying  that  no  one  has  as  yet  given  a  satis- 
factory answer  to  this  question.  Is  the  mere  fact  that  a 
compound  is  dissociatcnl  by  heat  sufficient  to  prove  that  the 
structure  of  the  compound  is  different  in  kind  from  that 
of  stable  bodies  ?  Many  substances  which  are  dissociated 
by  heat  are  nevertheless  possessed  of  well-marked  chemical 
and  physical  properties  which  are  not  the  mean  of  the  pro- 
perties of  their  constituents.  It  is  difficult  to  believe  that 
the  force  holding  the  parts  of  these  bodies  together  is  essen- 
tially dilferent  from  that  which  acts  between  the  parts  of 
other  bodies  perha[)S  only  differing  from  the  first  in  that 
they  are  capable  of  existing  as  gases.  It  may  be,  however, 
that  in  so-called  "atomic  '  and  "molecular"  compounds 
we  have  the  initial  and  final  members  of  a  series  of  bodies 
gradually  passing  into  one  another  by  almost  insensible  de- 
grees. Even  assuming  this  difficulty  to  be  overcome,  there 
remains  the  fact  many  gaseous  (that  is,  by  hypothesis,  atomic) 
compounds  are  decomposed  at  high  temperatures.  Water  is 
resolved  into  its  atoms  by  the  action  of  great  heat.  Where 
are  we  to  draw  the  line  and  say,  all  substances  stable  imme- 
diately above  this  point,  although  decomposed  at  considerably 
higher  temperatures,  are  atomic  compounds,  but  all  substances 
decomposed  below  this  point  are  only  molecular  compounds  ? 
What  are  Ave  to  say  to  such  substances  as  methylic  and 
ethylic  sulphates  ?  (C2 1^5)2  SO4  cannot  be  obtained  as  a  gas 
without  suffering  decomposition,  (0113)2  SO4  is  stable  in  the 
gaseous  state. 

Although  we  may  not  agree  with  the  theory  of  molecular 
compounds,  there  is  yet  one  lesson  which  it  teaches  and  which 
we  should  surely  be  ready  to  learn — namely,  that  in  all  dis- 
cussions as  to  the  valency  of  any  element  we  can  draw  safe 
conclusions  only  from  a  consideration  of  those  compounds 
which  are  capable  of  existing  in  the  state  of  gases. 

[To  be  continued.] 
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XII.  A  New  Automatic  Motion  for  the  Spectroscope. 

By  Walter  Baily  *. 

[Plate  I.] 

IN  this  paper  I  propose  to  describe  a  new  mechanism 
for  moving  the  prisms  of  the  spectroscope,  a  model 
of  which  was  exhibited  in  the  Loan  Collection  of  Scientific 
Apparatus,  No.  157a. 

The  instrument  is  founded  on  the  following  proposition  : — 
If  a  series  of  curves  whose  equations  are 

,.=  F(f),    ,.=F(f),...,.=F(^> 

be  described  on  each  of  two  disks,  and  one  disk  be.  turned 
over  on  the  other  so  that  the  origins  coincide,  and  the  initial 
lines  are  inclined  at  an  angle  0,  the  curves  will  intersect  in 

pairs  (viz.  the  curve  \  r  =  F(]  \  of  one  disk  with  the 

<  r  =  Ff j  |-  of  the  other  disk)  at  points  lying  on  1 

from  the  origin  which  divide  the  angle  ^  into  n  equal  angles. 
For  if  6  be  the  ano-le  measured  from  the  initial  line  of  one  of 

S       (6  —  ^ 

the    disks,    we    have  at  an   intersection  —  = ;  whence 

,     '  w      n  —  m 

0=:m  -,  and  the  series  of  values  of  6  is 
n 

11  n  n 

and  therefore  the  angle  ^  is  divided  into  w  equal  angles.  All 
these  intersections  are  equidistant  from  the  origin  ;  for 

\}i)J  \m        ny  \nj 

Putting   7)1  —  0,  we   have   the   intersection  of   -j  '"~^  (dj  (  j 

which  is  the  initial  line  of  one  disk,  with  the  curve  <  r=F(-j  > 

of  the  other  disk  ;  here  also  r  =  F|  -  j. 

In  fig.  1,  K  is  the  common  origin,  through  which  passes 
an  axle  perpendicular  to  the  disks.  One  disk  is  fixed,  and 
K  0  is  its  initial  line  ;   and  A  A',  B  B',  C  C,  D  D'  are  slits 

*  Communicated  by  the  Author,  having  been  read  before  the  Priestley 
Club,  Leeds. 
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in  this  disk  having  for  their  middle  lines  the  curves 

.=K(0.    -=.'0,    ,.=K(f),    ,.=  F(f) 

between  the  same  limits  of  r.  The  other  disk  can  turn  on  the 
axle  K  ;  its  initial  line  is  K  T  ;  and  a  a',  h  h' ,  c  c',  d  d!  are  slits 
similar  to  A  A',  B  B',  C  C,  D  D'.  K  P,  K  Q,  K  R,  K  S  are 
arms  capable  of  turniuf^  on  the  axle  K  ;  and  pp' ■,  q  q' -,  ri'',  ss' 
are  slits  in  these  arms  directed  towards  K. 

Now  let  P,  Q,  II,  S  be  the  intersections  of  the  slits  in  the 
disks,  and  let  the  arms  be  turned  so  that  their  slits  pass  over 
the  points  P,  Q,  R,  S.  Then,  if  pins  are  inserted  in  the  slits 
at  these  points,  perpendicularly  to  the  disks,  the  arms  will  be 
retained  in  such  positions  that  the  linos  K  P,  K  Q,  K  R,  K  S 
will  divide  the  angle  between  K  0,  K  T  into  five  equal  angles. 
The  first  prism  is  placed  on  the  line  K  0  and  fastened  to  the 
fixed  disk  ;  the  next  four  are  placed  on  the  lines  K  P,  K  Q, 
K  R,  K  S  and  are  fastened  to  the  corresponding  arms  ;  and 
the  last  prism  (half  of  which  is  replaced  by  a  reflecting  prism) 
is  placed  on  the  line  K  T  and  fastened  to  the  moving  disk. 
All  the  prisms  are  placed  at  the  same  distance  from  the  centre  ; 
and  it  is  obvious  that  they  will  have  the  motion  required  for 
the  spectroscope,  the  angle  between  the  position  of  consecutive 

prisms  being  always  ^• 

In  order  to  keep  the  pins  perpendicular  to  the  disks,  I  have 
a  pair  of  fixed  and  a  pair  of  moving  disks,  the  slits  in  each  pair 
being  exactly  parallel,  and  tlie  moving  disks  being  rigidly 
connected  together  ;  each  arm  also  consists  of  two  parallel 
arms  rigidly  connected.  The  arrangement  is  shown  in  a  sec- 
tion of  the  instrument  given  in  fig.  2.  0  0'  are  the  fixed 
disks,  TT'  the  moving  disks,  K  K'  the  axle,  kpk'  p'  an  arm 
carrying  one  of  the  prisms  (which  is  shaded),  P  P'  one  of  the 
pins  going  through  the  arm  and  all  the  four  disks.  The  pins 
are  prevented  from  dropping  out  by  nuts  screwed  on  at  each 
end. 

The  telescopes  are  fastened  to  the  fixed  disks  and  are  shown 
in  fig.  4.  X  is  the  collimator  with  the  slit,  Y  the  observing- 
telescope,  and  Z  the  collimator  with  the  micrometer.  The 
position  of  the  micrometer  and  the  form  of  the  prism  opposite 
the  observing-tek'scope  is  explained  in  the  PliiIoso})hical  Ma- 
gazine for  April  1876,  "  A  New  Arrangement  for  the  Micro- 
meter of  the  Automatic  Spectroscope,"  fig.  3.  Part  of  each 
moving  disk  has  to  be  cut  away  to  allow  space  for  the  tele- 
scopes and  fixed  prism.  This  can  be  done,  without  removing 
any  useful  part,  in  the  wa}'  shown  in  figs.  3  and  4. 
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The  edge  of  one  of  the  fixed  disks  is  graduated,  as  shown  in 
fig.  4  ;  and  the  nearest  moving  disk  carries  a  vernier,  the  zero 
of  which  for  the  position  of  the  scale  given  in  the  figure  must 
be  in  the  direction  K  T.  It  is  convenient  to  mark  5°  of  cir- 
cumference as  1°  of  graduation,  since  the  disk  moves  five 
times  as  fast  as  the  prisms  open  out  from  one  another.  The 
reading  may  then  be  made  to  give  the  angle  between  conse- 
cutive prisms.  Motion  can  be  given  to  the  instrument  by 
connecting  the  moving  and  fixed  disks  by  a  rack  and  pinion. 

It  may  be  necessary  to  adopt  some  contrivance  for  keeping 
the  pins  always  pressing  against  the  same  sides  of  the  slits 
through  which  they  pass.  I  ensure  pressure  against  the 
inner  sides  of  the  curved  slits  in  the  disks  by  fixing  pegs  in 
the  disks  somewhat  in  the  positions  «,  /3,  7,  8  in  fig.  3,  and 
passing  an  elastic  band  round  each  pin  and  the  corresponding 
peg.  The  bands  and  pegs  are  placed  on  the  sides  of  the  disks 
remote  from  the  prisms,  so  as  not  to  interfere  with  the  rest  of 
the  machinery.  To  ensure  pressure  always  against  the  same 
sides  of  the  slits  in  the  arms,  a  peg  is  inserted  at  E  in  the  fixed 
disk,  fig.  4,  and  pegs  are  inserted  at  F,  G,  H,  I  in  the  arms  ; 
the  pins  P,  Q,  R,  S  are  connected  with  the  pegs  E,  F,  G,  H 
respectively  by  elastic  bands  ;  and  thus  the  pins  P,  Q,  R,  S 
are  drawn  round  K  in  one  direction,  and  the  arms  K  P,  K  Q, 
K  R  are  drawn  in  the  opposite  direction.  It  will  be  found 
that  there  is  not  much  variation  in  the  length  of  the  band.  In 
order  to  pull  the  arm  K  S  by  a  band  which  shall  not  vary 

nmch  in  length,  a  slit  whose  middle  line  is  ?•  =  F  (  -  )  should  be 

cut  in  each  of  the  fixed  disks,  and  a  slit  ?'  =  F  (  -  j  (that  is,  a 

straight  slit  along  the  initial  line  K  T)  should  be  cut  in  each  of 
the  moving  disks  ;  then,  if  T  be  a  pin  passed  through  these 
slits,  T  will  be  at  the  same  distance  from  K  as  the  other  pins, 
and  a  band  round  T  and  I  will  be  of  the  same  length  as  the 
other  bands.  This  additional  pin  is  not  given  in  the  model 
exhibited ;  but  one  of  the  bands  connects  an  arm  with  a  fixed 
])oint,  and  therefore  undergoes  a  good  deal  of  stretching, 
which  it  is  better  to  avoid. 

The  form  of  F(^)  is  arbitrary  ;  but  there  is  an  advantage  in 

giving  it  the  form  ae~'^,  so  as  to  make  r  =  F{d)  an  equian- 

0 
gular  spiral.  Since  all  the  curves  will  be  of  the  form  r  =  ae~'mj 
they  will  all  be  equiangular  spirals  ;  and  therefore  in  fig.  1 
the  angle  APjo  will  be  constant,  and  the  angle  dFp  will 
also  be  constant,  and  consequently  the  angle  A  P  d  will  be 
constant.     Similarly  it  may  be  shown  that  the  angles  B  Q  e, 
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C  R  i,  D  S  a  are  constant ;  and  by  the  symmetry  of  the  fignre 
we   see    that   A  P  rZ  =  D  S  «,  and  B  Q  c  =  C  R  6.      From   the 

equations   to    the    curves    we    get    tan  A  P  t?  =  v.^ — ^,    and 

tan  B  Qc=  ,., — r.  ;  and  as  it  will  be  best  to  have  the  intersec- 
r  —  b 

tions  as  nearly  as  possible  at  right  angles,  we  must  make  one 

of  these  angles  exceed  a  right  angle  by  just  as  much  as  the 

other  falls  sliort  of  one.     This  gives  tan  A.V  d-\-  tan  B  Q  c  =  0, 

or  /=  ■v/5.     Tho  equations  to  the  curves  now  become 


e 
■  ae'"""'.     v=ae    2""      r  =  ae    a"",     r  =  ae' 


._^,^-e/5  ,..--%^5  ..          ,..-T*'5  ...-TV'S 


From  these  equations  we  have 


Hence 


AP»  =  aS«  =tan-'-'^.  =24     G 

BQ7  =  6R/-=tau-'4^=41  48 

cQq  =CUr=iiin-'    %  =b3   18 

A  P  »=  D  S  6-  =  tan-'  ^  =  (50  48 

APrf=DSa  =84  54 

BQc'=iRC  =95     6 


so  that  the  intersections  of  the  slits  in  the  disks  only  differ 

about  5°  6'  from  right  angles. 

In  the  model,  a  was  put  =25,  and  the  position  of  points 

in    the    fourth   curve    were    calculated    from    the    equation 
0 

r  =  2De~*      by  first  transforming  this  equation  into  the  form 

r=  log-'  { 1-397940- jL  log"'  (-385209  +  log  6)}, 

and  thence  obtaining  r  for  every  degree  in  the  value  of  0. 
The  first,  second,  third,  and  fifth  curves  were  obtained  by  put- 
ting \,  |,  I,  and  ^  of  the  value  of  0  against  the  same  value  of 
r.  The  limits  between  which  the  curves  must  be  drawn  will 
depend  on  the  refractive  power  of  the  glass  emploved  for  the 
two  ends  of  the  spectrunj.  In  the  model  the  angle  between 
consecutive  arms  varies  between  45°  and  54°. 

The  following  Table  gi\'es  the  calculated  points  in  the  series 
of  curves : — 
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Angle, 

Angle, 

Angle, 

Angle, 

Angle, 

Eadius,  { 

1st  curve. 

2nd  curve. 

3rd  curve. 

4th  curve. 

5th  curve. 

in  inches,  i 

O     1 

45 

0    ( 

90 

O     1 

135 

180 

225 

4-318 

45  15 

90  30 

135  45 

181 

226  15 

4276 

45  30 

91 

136  30 

182 

227  30 

4-234 

45  45 

91  30 

137  15 

183 

228  45 

4- 193 

4f5 

92 

138 

184 

230 

4  152 

46  15 

92  30 

138  45 

185 

231  15 

4  112 

56  30 

93 

139  30 

186 

232  30 

4-072 

46  45 

93  30 

140  15 

187 

233  45 

4-033 

47 

94 

141 

188 

235 

3-994 

47  15 

94  30 

141  45 

189 

236  15 

3-955 

47  30 

!)5 

142  30 

190 

237  30 

3917 

47  45 

95  30 

143  15 

191 

238  45 

3  879 

48 

96 

144 

19:i 

240 

3-841 

48  15 

96  30 

144  45 

193 

341  15 

3-804 

48  30 

Q7 

145  30 

194 

242  30 

3-767 

48  45 

97  30 

146  15 

195 

243  45 

3-730 

49 

98 

147 

196 

245 

3-694 

49  15 

98  30 

147  45 

197 

246  15 

3-6.1 8 

49  30 

99 

148  30 

198 

247  30 

3-622 

49  45 

99  30 

149  15 

1!»9 

248  45 

3-587 

50 

100 

150 

200 

250 

3-552 

50  15 

100  30 

150  45 

201 

251  15 

3  517 

50  30 

101 

151  30 

202 

252  30 

3-483 

50  45 

101  30 

152  15 

203 

253  45 

3-449 

51 

102 

153 

204 

255 

3-415 

51  15 

102  30 

153  45 

205 

256  15 

3-382 

51  30 

103 

154  30 

206 

257  30 

3-349 

51  45 

103  30 

155  15 

207 

25S  45 

3-316 

52 

104 

156 

208 

260 

3-284 

52  15 

104  30 

156  45 

209 

261  15 

3-252 

52  30 

105 

157  30 

210 

262  30 

3220 

52  45 

105  30 

158  15 

211 

263  45 

3189 

53 

106 

159 

212 

265 

3158 

53  15 

106  30 

159  45 

213 

266  15 

3-127 

53  30 

107 

160  30 

214 

267  30 

3-097 

53  45 

107  30 

161  15 

215 

268  45 

3  068 

54 

108 

162 

216 

270 

3  039 

i 
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XIII.    On  a  Repetition  o/"  Dr.  Kerr's  Magneto-optic  Eape- 
riment. 

To  the  Editors  of  the  Philosophical  Magazine  and  Jotirnal. 

Gentlemen, 

ON  reading  the  very  remarkable  paper  by  Dr.  Kerr,  "  On 
Rotation  of  the  Plane  of  Polarization  by  Reflection  from 
the  Pole  of  a  Magnet,"  in  the  Philosophical  Magazine  for  May 
1877,  it  occurred  to  me  that  by  the  aid  of  some  apparatus 
which  I  had  by  me  I  might  be  able  to  reproduce  the  pheno- 
mena on  a  somewhat  larger  scale  than  in  the  original  experi- 
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ments.  This  expectation  luis  l)een  so  far  fulfilled  that  I  think 
a  short  account  of  the  experiments  may  not  be  uninteresting  to 
your  readers. 

The  magnet  consisted  of  a  bar  of  soft  iron  2  feet  2  inches 
long  and  2^  inches  in  diameter,  on  which  were  two  helices 
containing  each  about  1030  turns  of  wire.  It  was  excited  by 
ten  quart  Grove  cells  arranged  in  series.  The  submagnet 
consisted  of  a  wedge  of  soft  iron  5  inches  long  by  2  inches 
thick  at  the  wide  end,  and  having  an  edge  2|  inches  long. 

The  magnet  being  placed  hurizontaUy,  the  submagnet  was 
brought  up  against  its  polished  end,  but  prevented  from  touch- 
ing it  by  two  pieces  of  copper  "  bell  "-wire.  The  light  of  a 
paratfin-lamp  was  polarized  by  a  large  Nicol's  prism  and 
allowed  to  fall  on  the  pole  at  about  45°.  The  reflected  light 
was  examined  by  the  Jellett  analyzer  described  by  me  in  the 
Phiioso})hical  Transactions  for  1877,  part  1.  The  effect  was 
most  marked  and  distinct. 

The  following  readings  of  the  plane  of  polarization  were 
taken: — 


Curreut  direct. 

271  55 
271  57 

Current  reversed, 

271  30 
271  27 

271  54 
271  52 

Mean  double  rotation 

271  28 
271  26 

...  26'  45" 

I  have  not  as  yet  been  able  to  get  any  distinct  eflPect  with- 
out the  submagnet.  Until  this  can  be  done,  "absolute"  mea- 
sures of  the  amount  of  rotation  due  to  a  given  strength  of  j)ole 
will  not  be  possible. 

J.  E.  H.  Gordon. 

Pixlioline,  Dorking. 


XIV.  Chi  a  Case  of  IJghtning ;  with  an  Evaluation  of  the  Po- 
tential and  Qnantity  of  the  Dif^cliarge  in  Absolute  Measure. 
By  R.  S.  Brough*. 

ri"^.HE  south-west  monsoon  of  1871  may  be  considered  to  have 
J-  been  characterized  in  the  neighbourhood  of  Calcutta  no 
less  by  its  coj)ious  and  protracted  rainfall  than  by  the  violence 
and  frequency  of  its  thunderstorms.     During  the  progress  of 

*  Cunimunicated  by  the  Author,  having  been  read  before  the  Asiatic 
.  Societv  of  Bengal  on  the  Hh  of  February,  1877. 
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one  of  these  storms  in  the  early  part  of  the  monsoon,  one  of 
the  trees  standing  near  the  gate  of  the  compound  of  the  build- 
ing then  occupied  by  the  Sadr  Diwani  Adalat,  and  now  used 
as  the  European  Military  Hospital,  in  Lower  Circular  Road, 
was  struck  by  lightning.  The  branches  of  this  tree  overhung 
the  wires  of  the  telegraph-line,  from  which  they  were  only 
about  a  foot  distant.  The  discharge  passed  from  the  tree  to 
the  wires  (of  which  there  are  four),  broke  fourteen  double-cup 
porcelain  insulators,  and  passed  to  earth  through  the  iron 
standards  on  which  the  wires  are  supported. 

The  one  ends  of  all  the  four  wires  were  connected  to  earth 
through  instruments  in  the  Calcutta  Telegraph  office,  at  a 
distance  of  about  5^  miles  from  the  locaHty  of  the  accident. 
The  other  ends  were  connected  as  follows  to  earth  through  in- 
struments— the  first  at  the  Telegraph  workshops  (a  distance 
of  less  than  \  mile),  the  second  at  the  Lieutenant-Governor's 
residence  (less  than  ^  mile),  the  third  at  Atchipur  (less  than 
14  miles),  and  the  fourth  at  Diamond  Harbour  (less  than  25 
miles).  At  the  moment  of  the  discharge  nothing  extraordinary 
was  noticed  at  any  of  these  offices. 

It  is  often  far  too  generally  stated  in  text-books  that  light- 
ning invariably  follows  the  best  conductor  to  earth.  This 
statement  is  misleading  at  the  best,  and  is  absolutely  untrue 
if  the  word  "conductor"  be  employed  in  the  sense  to  which 
it  is  usually  restricted  in  electrical  science.  In  this  instance, 
for  example,  we  find  that  the  lightning  broke  fourteen  insula- 
tors, each  having  probably  an  electrical  resistance  of  several 
thousand  megohms,  in  preference  to  traversing  a  wire-resist- 
ance of  not  more  than  500  ohms  to  earth  through  the  receiving- 
instrument  in  the  telegraph-workshops.  The  writers  appear 
to  overlook  the  fact  (experimentally  illustrated  long  ago  by 
Faraday)  that  there  is  exerted  a  mechanical  stress  proportional 
to  the  square  of  the  potential  tending  to  produce  disruptive 
discharge,  as  well  as  an  electromotive  force  proportional  to 
the  simple  potential  tending  to  produce  a  conductive  dischai-ge. 
Thus  the  discharge  may  occur  either  along  a  path  of  minimum 
mechanical  resistance  or  along  a  path  of  minimum  electrical 
resistance.  Which  form  of  discharge  will  occur  in  any  par- 
ticular instance  depends,  of  course,  on  the  special  circum- 
stances of  the  case  ;  but,  generally  speaking,  as  the  potential 
increases,  the  tendency  naturally  is,  cceteris  paribus,  for  the 
disruptive  to  predominate  over  the  conductive.  In  the  case 
of  lightning  the  potential  is  so  great,  that,  for  any  form  of 
"  lightning-protector  "  to  be  efficient,  the  conductive  facilities 
offered  must  be  correspondingly  great ;  that  is,  the  protector 
must  offer  no  sensible  resistance  to  earth,  otherwise  a  disrup- 
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tive  discharge  insiy  take  place  from  the  protector  itself,  which 
under  those  circumstances  becomes  merely  a  source  of  danger*. 
This  tendency  to  disruptive  discharge  is  taken  advantage  of 
to  protect  telegraph-instruments  from  lightning.  An  earth- 
wire  is  brought  very  near  to  the  line-wire,  from  which  it  is 
insulated  by  only  a  very  thin  stratum  of  air  ;  when  the  poten- 
tial of  the  line-wire  rises  abnormally,  a  disruptive  discharge 
takes  place  at  this  point,  and  the  njceiving-instrument  is  thus 
saved. 

I  have  twice  lately  seen  it  stated  that  Sir  W.  Thomson 
found  that  the  resistance  of  air  to  disruptive  discharge  de- 
creased as  the  thickness  of  the  stratum  increased  ;  and  a 
French  writer  has  referred  the  possibility  of  the  occurrence 

of  liffhtninfT  dischariies  several  kilometres  in   length  to  this 

•  •  -111 

cause.    Sir  W.  Thomson's  earlier  experiments  certainly  showed 

this  unexpected  result,  probably  due  to  the  minute  distances 
at  which  he  was  operating  ;  but  a  later  series  of  experiments, 
made  at  larger  distances,  showed  this  I'esult  in  a  much  less 
marked  degree  ;  and  Sir  W.  Thomson  himself  says,  "  it  seems 
most  probable  that  at  still  greater  distances  the  electromotive 
force  will  be  found  to  be  sensibly  constant,  as  it  was  certainly 
expected  to  be  at  all  distances"!. 

Another  assertion  of  the  text-books  is  that  the  metallic  rods 
now  employed  as  lightning-protectors  on  buildings  do  not 
"  attract  "  lightning.  This  statement  is  literally  true,  accord- 
ing to  the  meaning  of  the  word  ''  attract,"  but  is  untrue  in 
eflr'ect ;  for  such  a  rod  lightning-j)rotector  determines  a  line 
of  maximum  induction,  and  a  discharge  is  more  likely  to  occur 
at  the  ])lace  than  if  the  protector  were  not  there.  Professor 
Clerk-Maxwell  does  not  appear  to  hold  this  opinion  ;  but  it 
seems  to  me  unquestionable  that  if  a  charged  thunder-cloud, 
driving  before  the  wind,  is  carried  over  a  building  furnished 

*  It  is  very  necessary,  therefore,  that  all  systems  of  li<,^h1ning-protec- 
tors  should  be  tested  for  resistance  from  time  to  time.  Mr.  Schwendler's 
method  of  quantitatively  testing  "  earths "  has  already  been  described 
before  the  Society  (Journ.  As.  Soc.  of  Bengal,  part  2,  vol.  xl.  1871). 
In  this  method  two  temporary  auxiliary  earths  are  required.  Calling 
the  resistance  of  the  lightning-discharger  earth  x.  and  that  of  the  auxiliary 
earths  respectively  y  and  z,  the  three  resistances  x-[-y=u,  .)-\-z=.h,  and 
y-\-z=c  are  measured  by  any  accurate  method  most  convenient  (e.  y. 
Wheatstone's  bridge,  differential  galvanometer,  tangent-  or  sine-galvano- 
meter, &c.,  or  even  nn  empirically  calibrated  galvanoscope),  the  mean  of 
positive  and  negative  readings  being  taken  to  eliminate  any  natural  elec- 
tromotive force  between  the  earths.  From  the  results  thus  obtained  the 
unknown  resistance  x  can  be  calculated  by  the  formula 

a-\-h  —  c 

t  Papers  on  Electrostatics  and  Magnetism,  p.  2o9. 
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with  a  lofty  metallic  rod,  discharge  is  more  likely  to  occur 
than  if  the  rod  were  away.  In  proof  of  this  I  may  refer  to 
the  case  reported  by  Mr.  Pidgeon  in  '  Nature,'  and  subse- 
quently discussed  before  the  Society  of  Telegraph  Engineers 
(Proceedings,  May  12,  1875),  in  which  the  flagstaff  acted  the 
part  of  an  ordinary  "lightning-protector." 

Professor  Clerk-Maxwell  observed,  in  his  paper  recently  read 
before  the  British  Association  at  Glasgow,  that  such  lightning- 
protectors  are  designed  rather  to  relieve  the  charged  cloud 
than  to  protect  the  threatened  building.  In  fact  lightning- 
rods  are  legitimately  employed  for  this  very  purpose  in  the 
vineyards,  where  the  object  in  view  is  to  relieve  charged 
clouds  and  prevent  disruptive  discharges  and  the  consequent 
showers  of  hail. 

Under  ordinary  circumstances,  however,  the  noise  and  light 
of  the  lightning-flash  must  be  regarded  as  a  very  harmless,  if 
disagreeable,  way  of  getting  rid  of  some  of  the  potential 
energy  of  electrical  separation. 

The  protection  of  cities  on  the  same  principle,  even  if  ne- 
cessary or  desirable,  would  be  too  expensive  and  unsightly 
ever  to  be  put  in  practice.  But  Faraday  has  proved  that  if 
our  houses  were  made  of  metal,  they  would  constantly  remain 
at  the  potential  of  the  earth,  we  should  virtually  be  "under- 
ground," and  live  within  them  in  perfect  security.  The  irou 
churches  occasionally  employed  in  Europe  fulfil  this  condition 
exactly.  It  is  not,  of  course,  usually  practicable  to  live  in 
metal  houses  ;  but  we  can  live  in  almost  equally  effective 
metal  cages  formed  by  running  conductors  connected  to  earth 
along  the  summit,  eaves,  and  corners  of  our  houses*. 

The  usual  rod  protectors  appear  to  be  only  suitable  to  such 
structures  as  themselves  determine  lines  of  maximum  induc- 
tion, e.  g.  church-spires,  factory-chimneys,  flagstaffs,  &c. 

The  case  of  lightning  referred  to  at  the  beginning  of  this 
paper  is  of  peculiar  interest,  because  we  know  precisely  the 
mechanical  effect  produced  by  the  flash,  and  from  this  we  can 
work  back  and  estimate  roughly  the  potential  and  quantity  of 
the  electrical  discharge. 

In  the  first  place  we  can  calculate  the  force  required  to 
burst  the  cylindrical  portion  of  the  porcelain  insulator  into 
which  the  iron  stalk  is  cemented. 

Let  r  =  radius  of  the  inside  of  the  cylinder, 

11=  „  outside  „ 

and     F  =  the  resistance  to  bursting  ; 

*  This  portion  of  the  paper  was  written  before  the  Meeting  of  the  Bri- 
tish Association  at  Glasgow, 
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then  T^      .W—r'^ 

wliovo  /'=(i6  X  10*  f^rammes  on  the  square  centimetre. 

Now  the  line-wire  was  hound  to  the  insulator  hy  a  thinner 
wire  passing  round  it.  The  surface-density  could  not  have 
heen  uniform  round  the  binding  wire,  but  must  have  been 
greatest  on  the  side  touching  the  insulator. 

By  the  method  of  electrical  images  in  two  dimensions  it 
may  be  shown  that  the  surface-density  (cr)  on  the  inner  side 
of  the  binding  wire  is  approximately 

Q 

4:'rr''R\/d-al\/d  +  a-\/d-ay 

where  Q  is  the  total  charge  on  the  binding  wire,  d  the  distance 
of  the  binding  wire  from  the  stalk  of  the  insulator,  and  a  the 
radius  of  the  binding  wire.     But 

27ro--'=F, 

whence 

V    27r 

which  is  the  expression  for  tlie  quantity  of  the  chai'ge  on  one 
insulator.  As  there  were  fourteen  insulators  broken,  this 
result  must  be  multiplied  l)y  fourteen  in  order  to  obtain  the 
total  quantity  of  the  discharge. 

Again,  the  electrostatic  capacity  of  the  binding  wire  is 

„  27rRc 


1        d  +  \/(/''  —  ir 
loir  e  , 

d-^/d'-a^ 


where  f'=l*9  about. 
ButVS  =  Q; 


«        V    27r      c 


27r      6* 
X  loge , 


■a) 


which  is  the  expression  for  the  potential  of  the  discharge. 
Now-,  in  the  particular  case  under  consideration, 
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r  —  1*500  centim., 
R  =  3-000  centiins., 

d  =  2-250      „ 
and  a  =  0'125  centim. 

Hence      F  =     306  x  10^  grammes  per  square  centimetre, 

>  absolute  electrostatic  C.Gr.S.  units. 
V=         722-7  J 

Changing  the  units  to  the  ordinary  ones  in  practical  use,  we 
find 

14Q  =  16-86  microfarads, 

V  =  216810  volts. 

Assuming  the  sparking-distance  to  increase  as  the  square 
of  the  potential,  it  can  be  calculated  from  the  experimental 
results  obtained  by  Messrs.  Warren  De  La  Rue  and  Miiller 
(Proc.  Hoy.  Soc.  Jan.  1876),  namely  that  1000  rod-chloride- 
of-silver  cells  give  a  spark  0-009166  inch,  that  a  difference  of 
potentials  of  216,810  volts  would  produce  a  spark  in  air  be- 
tween two  electrodes  at  a  distance  of  about  36  feet  apart. 
This  is,  of  course,  a  relatively  very  short  distance  ;  but  it  must 
be  remembered  that  wo  have  only  taken  into  consideration 
that  portion  of  the  energy  of  the  discharge  w^hich  was  em- 
ployed in  breaking  the  fourteen  insulators,  and  have  neglected 
all  that  was  spent  in  heat,  light,  &c. 


XV.    On  the  Nature  of  what  is  commonly  termed  a  "  Vacunm.^^ 
By  S.  ToLVER  Preston. 

1.  ~rT  may  perhaps  not  be  uninteresting  to  consider  what 
-L  light  the  researches  of  Professor  Maxwell  on  mole- 
cular distances  in  connexion  Avith  the  kinetic  theory  of  gases, 
and  those  of  Sir  William  Thomson  and  others,  are  capable  of 
throwing  upon  the  physical  condition  of  what  is  ordinarily 
termed  a  "  vacuum."  This  inquiry  might  have  an  additional 
interest  at  the  present  time,  when  experiments  wdth  extremely 
rarefied  media  in  connexion  with  the  radiometer  and  the  dis- 
charge of  electricity  in  evacuated  tubes  are  going  on,  and 
certain  inferences  regarding  the  condition  of  "  vacua  "  would 
lead  one  to  infer  that  a  prevalent  idea  niay  exist  regarding 
the  state  of  a  "  vacuum  "  (so  termed)  which  is  not  consistent 
with  facts,  as  indeed  I  am  not  aware  that  any  special  investi- 
gations have  been  made  on  this  subject.     I  make  no   pre- 

•  Communicated  by  the  Author. 
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tence  to  do  more  than  apply  tli(>  niatluMnatical  results  of 
others  to  a  special  case;  and  1  shall  bo  ^lad  if  tlie  result 
obtained  is  of  any  service,  or  may  induce  others  to  pursue  the 
subject  further. 

2.  It  has  been  deduced  by  Professor  Maxwell  (Phil.  Mag. 
Dec.  1873)  that  the  number  of  molecules  contained  in  a  cubic 
centimetre  of  any  gas  at  normal  density  may  be  estimated, 
in  round  numbers,  at  19  million  billions.  This  is  carefully 
given  by  Professor  Mnxv,'e\\iifiixprohabJe  or  approximative  re- 
sult. But,  on  the  other  hand,  it  should  be  kept  in  view  that 
the  result  is  estimated  on  the  basis  of  experimental  data  ;  and 
other  results  predicted  by  mathematics  in  connexion  with  the 
kinetic  theory,  and  which  admit  of  direct  test  by  experiment, 
liave  (as  is  well  known)  been  confirmed  in  a  striking  manner. 
Also  it  is  needless  to  add  that  mathematics  is  not  less  cer- 
tain because  the  dimensions  dealt  with  are  small.  Sir  William 
Thomson  in  a  paj)er  on  "Atoms,"  published  in  '  Nature ' 
(March  31st,  1870),  by  four  distinct  lines  of  argument  arrives 
at  accordant  results  as  limiting  values  for  dimensions  of  mole- 
cular  structure;  and  tliese  results  agree  very  well  with  the 
above  estimate  of  Professor  Maxwell.  Sir  William  Thomson 
finally  remarks  that  the  residts  may  be  considered  as  estab- 
lished with  "a  very  high  degree  of  ])robability." 

3.  Taking,  therefore.  Professor  Maxwell's  result  in  refer- 
ence to  a  gas,  if  we  take  the  cube  root  of  the  number  of  mo- 
lecules contained  in  a  cul)ic  centimetre,  or  ^VJ  x  10^**,  we 
have  the  number  of  molecules  which  (placed  at  their  mean 
distances)  would  reach  the  length  of  a  linear  centimetre,  or 
we  have  2,(^68,400.  The  mean  distance  of  the  molecules  of 
a  gas  at  normal  density  is  therefore  ^  bgs  4oo  °^  ^  centimetre, 
about  one  seven-millionth  of  an  inch — which,  it  may  be  re- 
marked, is  about  one  seventh  of  the  distance  capable  of  being 
measured  by  a  Whitworth  machine.  We  have  now  to  con- 
sider what  the  effect  is  on  rarefying  the  gas.  To  clear  the 
ideas,  suppose  all  the  molecules  in  a  given  space  (such  as  an 
air-pump  receiver)  to  be  placed  regularly  ;  i.  e.,  suppose  the 
given  s})ace  to  be  subdivided  up  into  a  number  of  imaginary 
cubes  of  such  a  size  that,  when  molecules  are  placed  at  the 
corners  of  all  these  cubes,  exactly  the  whole  number  of  mo- 
lecules is  thus  taken  up.  Then  the  side  of  one  of  these  cubes 
Avill  be  one  seven-millionth  of  an  inch  long,  representing  the 
mean  distance  of  the  molecules.  Rarefying  a  gas  to  a  given 
degree  is  of  course  equivalent  to  increasing  the  space  in  which 
the  gas  is  to  that  same  degree.  The  side  of  a  cube  being  as 
the  cube  root  of  its  volume,  it  follows  that  when  the  eas  is 
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rarefied,  which  is  equivalent  to  increasino-  the  vohinie  of  space 
occupied  by  it,  the  side  of  any  cube  (representing  the  mean 
distance)  will  be  increased  in  the  ratio  of  the  cube  root  of  the 
number  of  times  the  gas  is  rarefied.  In  order  to  take  an  ex- 
treme case,  let  us  suppose  the  gas  to  have  been  rarefied  a 
million  times  (?'.  e.  to  one  millionth  of  its  normal  density)  this 
corresponding  to  about   -—^ — -  of  an  inch  of  mercury,  a  mea- 

l  "  ^3  3,000  ,  '^' 

sure  that  would  be  imperceptible  on  an  ordinary  barometi'ic 
gauge.  After  this  degree  of  rarefiiction  the  mean  distance  of 
the  molecules  will  have  been  increased  to  a  hundred  times,  or 
V^l, 000,000.  The  mean  distance  of  the  molecules,  after  rare- 
fying a  million  times,  will  therefore  be  about  one  seventy- 
thousandth  of  an  inch,  a  dimension  which,  if  plotted  on  a  scale, 
would  be  invisible  to  the  eye.  It  follows,  therefore,  that  even 
with  this  extreme  degree  of  rarefaction  (supposing  it  could  be 
attained  with  a  good  mercurial  pump),  the  molecules  of  gas 
are  still  packed  so  close  that  their  distance,  if  marked  on  a 
scale,  would  be  invisible  to  the  eye,  and  still  19  billions 
(dividing  the  number  originally  contiiined  in  a  cubic  centi- 
metre by  1,000,000)  of  them  are  enclosed  in  a  cubic  centi- 
metre. This  may  possibly  not  harmonize  with  the  general 
idea  of  what  is  called  a  "  vacuum."  Indeed  it  may  be  fairly 
questioned  whether  the  inconceivable  number  of  19  billion 
separate  existences  accumulated  in  the  narrow  limits  of  a  cubic 
centimetre  of  space  may  not  be  properly  regarded  as  some- 
thing the  very  opposite  of  a  '*  vacuum."  The  size  of  a  mole- 
cule may  not  be  of  so  much  influence.  Its  presence  may  be 
the  main  thing.  The  presence  of  19  billion  separate  portions 
of  matter  in  a  cubic  centimetre  of  space  may  conceivably  pro- 
duce an  effect  on  an  electric  discharge  or  a  radiometer  very- 
different  from  a  vacuum.  One  reason  why  the  distance  of  the 
molecules  of  gas  increases  with  such  extreme  slowness  on  rare- 
fying is  evidently  due  to  the  fact  that  the  distance  only  in- 
creases as  the  cube  root  of  the  number  of  times  the  gas  is 
rarefied.  If  it  were  imagined  to  be  possible  to  carry  the 
rarefaction  a  million  times  as  far  as  the  above  extreme 
limit,  there  would  still  be  19  million  molecules  in  a  cubic 
centimetre. 

4.  It  may  therefore  be  truly  said  that  even  the  best  pump 
does  not  increase  appreciably  the  distance  of  the  molecules 
of  gas,  inasmuch  as  the  distance  moved  through  by  the  mo- 
lecules of  gas  under  the  action  of  the  pump,  if  plotted  on 
a  scale,  would  be  inappreciable  to  the  eye ;  or,  in  other  words, 
when  the  most  powerful  pum|)  has  done  its  work,  the  molecules 
of  ffas  are  still  so  close  that  their  distances  are  too  small  to  be 
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visible  on  any  scale,  and  tlie  number  of  molecules  of  re- 
sidual gas  contiiined  even  in  a  cubic  centimetre  of  space  may 
be  reckoned  by  billions.  In  the  case  of  what  would  be  re- 
garded as  an  ordinary  "  good  vacuum,"  such  as  that  used  in 
Geissler's  vacuum-tubes  for  electric  discharges  (say,  0'7  of  a 
millimetre  of  mercury,  or  a  rarefaction  of  one  thousandth), 
the  distance  shifted  through  by  the  molecules  under  the 
action  of  the  pump  in  the  act  of  rarefying  would  be  only 
about  — ^ of  an  inch,  and  the  number  of  molecules  in  a 

77  8000  o    ^  •  ^ 

cubic  centimetre  of  the  residual  gas  19  thousand  million  mil- 
lions (a  cubic  centimetre  being  about  one  fourteenth  of  a  cubic 
inch). 

5.  It  may  perhaps  be  of  interest  to  consider  what  effect  the 
rarefaction  has  upon  the  mean  path  of  the  molecules  of  gas, 
the  mean  path  being  the  mean  or  average  distance  moved 
through  by  a  molecule  before  coming  into  collision  with  ano- 
ther molecule.  The  mean  path  of  the  molecules  of  several 
well-known  gases  has  been  calculated  by  Professor  Maxwell 
from  some  carefully  executed  diffusion-experiments  by  M. 
Loschmidt.  The  mean  path  of  a  molecule  of  hydrogen  at 
normal  density  is  given  at  •0000965  of  a  millimetre,  or 
about  oWoTh)  ^f  ^^  inch.  Loschmidt  has  deduced  the  fol- 
lowing proportion : — "^4s  the  vohime  of  a  gas  is  to  the  co)nbined 
volume  of  all  the  molecules  contained  in  it,  so  is  the  mean  path 
of  a  molecule  to  one  eighth  of  the  diameter  of  a  molecule.^^  The 
mean  path  of  a  molecule  therefore  increases  directly  as  the 
number  of  molecules  in  the  unit  volume  of  the  gas  is  dimi- 
nished. The  mean  path  accordingly  increases  directly  as  the 
number  of  times  the  gas  is  rarefied.  The  value  of  the  mean 
j)ath  therefore  augments,  on  rarefying,  at  a  disproportion- 
ately greater  rate  than  that  of  the  mean  distance  of  the  mole- 
cules of  gas. 

6.  It  appears  to  have  been  assumed  in  certain  radiometric 
experiments  that  the  mean  path  of  the  molecules  of  the  resi- 
dual gas  is  comparable  to  the  diameter  of  the  bulb  of  the  radio- 
meter itself.  In  a  paper  by  Mr.  Crookes  which  appeared  in 
the  '  Philosophical  Magazine '  for  June  last,  is  the  following 
passage  : — "  But  when  the  exhaustion  is  carried  to  so  high  a 
point  that  the  molecules  are  sufficiently  few,  and  the  mean 
length  of  path  between  their  successive  collisions  is  com- 
parable with  the  dimensions  of  the  vessel."  This  is  also 
assumed  in  a  paper  by  M.  Finkener  in  Poggendorffs  A71- 
nalen  on  the  subject  of  the  radiometer,  where  the  assump- 
tion is  made  that  the  gas  is  rarefied  so  far  that  the  mean 
length  of  path  of  the  molecules  is  very  great  compared  with 
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the  dimensions  of  the  ball  of  the  nidiometer*.  Conceivably 
these  assumptions  may  naturally  arise  from  the  idea  that  in 
a  "vacuum,"  so  termed,  the  molecules  of  gas  are  few  and 
widely  scattered.  This,  we  have  shown,  is  by  no  means  the  fact. 
It  may  therefore  be  worth  while  investigating  from  the  above 
result  of  Professor  Maxwell  what  the  mean  path  of  the  mole- 
cules of  gas  is  at  the  degree  of  rarefaction  at  which  the  rota- 
tion of  the  radiometer  was  observed  to  be  at  a  maximum.  This 
maximum  is  stated  in  Mr.  Crookes's  paper  to  have  occurred 
in  the  case  of  hydrogen  at  a  rarefaction  of  50  millionths. 
The  mean  path  being  in  direct  proportion  to  the  rarefaction, 
its  value  in  this  case  will  be    — ^ x  looo. oo_o  —  jl  of  an  inch 

2G3200  50  13 

about.  Ihis  IS  but  a  small  fraction  of  the  diameter  of  the  bulb. 
It  is  remarked  that  the  special  gauge  used  could  not  indicate 
the  pressure  of  the  mercury  vapour  of  the  pump,  and  that  there- 
fore the  actual  values  for  rarefaction  attained  might  have  been 
somewhat  under  the  estimated  values.  This  would  go  to  make 
the  mean  length  of  path,  when  the  rotation  was  at  its  maxi- 
mum, a  still  smaller  fraction  of  the  diameter  of  the  bulb  than 
above ;  and  it  is  stated  that  at  higher  rarefactions  the  rota- 
tion notably  began  to  fall  off.  The  length  of  path  of  the  mo- 
lecules of  other  gases  is  also  less — about  half  that  of  hydro  gen. 
My  object  here  is  not  in  any  way  to  deal  with  the  cause  of 
the  rotation  of  the  radiometer,  but  rather  to  adduce  from  the 
best  obtainable  data  certain  facts  which  may  tend  to  throw  a 
light  upon  the  true  physical  condition  of  the  rarefied  gas  en- 
closed in  the  instrument ;  and  it  is  certain  that,  whatever  the 
true  explanation  may  be,  it  cannot  be  otherwise  than  forwarded 
by  such  a  course. 
London,  June  1877. 


XVI.  Ice  as  an  Electrolyte.  By  W.  E.  Ayrton  and  John 
Perry,  P^'ofessors  in  the  Imperial  College  of  Engineering, 
Tokio,  Japan'f. 

[Plate  II.l 

EOR  the  purpose  of  measuring  the  resistance  of  ice  at 
various  temperatures,  its  power  to  act  as  an  electrolyte, 
and  its  specific  inductive  capacity,  the  following  piece  of  ap- 
paratus was  constructed.  A  B  C  1)  (Plate  II.  fig.  1)  is  a  cop- 
per box  17 "4  centims.  in  diameter,  rigidly  fixed  by  means  of 

*  "  Wir  verdiinneu  das  Gas  so  weit,  dass  der  Weg,  den  ein  Molecul 
zwischen  zwei  Ziisammenstossen  mit  audereu  Moleciilen  diirchschnitllich 
zuriicklegt,  sehr  gross  ist  im  "Verhaltniss  zu  den  Uimensionen  der  Kugel 
des  Radiometers."     (Pogg.  Ann.  July  1876,  part  8,  p.  579.) 

t  Communicated  by  the  Physical  Society. 
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three  legs  in  the  inside  of  a  wooden  tub  F  F.  Resting  on 
the  bottom  of  the  copper  box,  but  separated  from  it  by  tnree 
small  pieces  of  glass  {a)  (b)  (c),  is  a  co{)per  disk,  G  H,  13 
centims.  in  diameter,  to  which  is  fastened  a  copper  strip  J  K. 
The  box  is  closed  by  a  very  tightly  fitting  cover  furnished 
with  two  openings — one,  L  M,  to  allow  J  K  to  pass  through 
without  touching  the  cover,  the  other  for  the  admission  of  a 
thermometer.  Distilled  water  having  been  introduced  into 
the  copper  box  to  a  sufficient  depth  to  cover  the  disk  G  H, 
the  temperature  could  be  lowered  by  the  introduction  of  a 
freezing-mixture  of  snow  and  salt  inside  the  tub  above  and 
below  the  copper  box,  great  care  being  taken  that  none  of  the 
mixture  fell  into  the  box  through  the  tube  L  M,  which  was 
necessarily  left  open. 

I.  Preliminary  experiments. — The  current  from  one  Meidinger 
cell  was  passed  through  the  ice  and  a  reflecting-galvanometer, 
the  space  between  the  copper  plates  being  2  millims.  Keeping 
the  temperature  nearly  constant  (it  varying  between  — 18°"2 
and  — 17°"2  C),  we  found  that  in  one  hour  the  galvanometer- 
readings  increased  from  46*8  to  168*8,  corresponding  to  a  di- 
minution in  resistance  per  cubic  centimetre  of  the  ice  from 
354  megohms  to  98  megohms.  The  cause  of  this  may  have 
been  that,  with  such  thin  glass  separating  the  copper  disk  from 
the  box,  some  tilting  may  have  occurred  at  freezing,  so  that 
the  coppers  were  not  perfectly  parallel  ;  or  it  may  have  been 
due  to  a  very  little  of  the  salt  water  of  the  freezing-mixture 
having  found  its  way  into  the  copper  box  by  passing  betAveen 
the  box  and  the  cover.  The  box  was  therefore  opened  and 
cleaned,  fresh  distilled  water  put  in,  and  the  cover  cemented 
to  the  box  by  "cap-cement"  to  avoid  the  possibility  of  the 
salt  water  entering  the  box. 

II.  The  current  from  eighty-seven  porous  Daniell's  cells 
joined  in  series  was  passed  through  the  ice,  the  temperature 
being  kept  very  nearly  constant  at  —  8°'0  C.  The  galva- 
nometer-reading fell  regularly  from  28'5  to  12*73  in  twenty- 
seven  minutes,  being  equivalent  to  an  apparent  rise  in  the 
resistance  per  cubic  centimetre  of  the  ice  from  3767  megohms 
to  8443  megohms.  The  temperature  remaining  constant,  the 
reading  fell  to  7*20  in  about  two  hours,  corresponding  Avith  a 
specific  resistance  of  17,310  megohms.  Disconnecting  the 
battery  and  joining  the  coppers  on  the  two  sides  of  the  ice 
through  the  galvanometer,  a  discharge-current,  which  rapidly 
diminished,  was  obtained,  as  was  to  be  expected. 

Further  experiments  showing  the  difficulty  of  maintaining 
the  copper  disk  a]n)roximatelv  parallel  to  the  bottom  of  the 
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box,  the  three  pieces  of  glass  were  removed  and  thicker  pieces, 
0'324  centim.  thick,  put  in  their  place.  The  cover  was  again 
cemented  to  the  box,  this  being,  in  fact,  always  carefully  done 
after  each  occasion  on  which  it  was  necessary  to  open  the 
box. 

III.  Temperature  being  2°'4  C,  an  electromotive  force  of 
0'0087  volt  gave  (after  waiting  eleven  minutes  to  allow  the 
current  to  overcome  any  pre^aous  polarization)  a  deflection  of 
212,  corresponding  with  a  resistance  of  o55,000  ohms  per 
cubic  centimetre.  Allowing  the  temperature  to  fall  slowly, 
we  found  the  readings  to  remain  pretty  steady  for  thirty-four 
minutes  when  the  temperature  had  become  —  0°'6  C.  From 
this  time  there  was  a  moderately  rapid  increase  of  resistance 
up  to  14  megohms  per  cubic  centimetre  after  forty-three  mi- 
nutes, the  temperature  now  being  —  3°*8  C.  The  deflection 
was  now  54  ;  and  we  increased  the  battery  ten  times,  when  it 
was  found  that  this  increase  of  the  battery  did  not  increase 
the  deflection  proportionately  (although  subsequent  expe- 
riments showed  that  the  deflection  was  very  approximately 
proportional  to  the  current) ;  in  fact,  making  the  battery 
ten  times  as  large  (that  is,  now  using  an  electromotive 
force  of  0-087  volt),  only  gave  a  deflection  of  129.  The 
battery  was  now  immediately  reduced  to  an  electromotive 
force  of  0-0087  as  before  ;  but  the  deflection  was  now  only  2^. 
Leaving  on  this  electromotive  force,  the  deflection  was  ob- 
served to  steadily  diminish  until  at  last  it  became  negative  ; 
and  it  eventually  required  an  electromotive  force  of  0-0435 
volt  to  bring  the  spot  of  light  to  zero.  This  electromotive 
force  in  the  ice,  which  appeared  to  be  developed  by  the  em- 
ployment of  an  electromotive  force  of  0*087  volt  for  only 
about  one  minute,  remained  quite  constant,  and  continued  to 
balance  an  electromotive  force  of  0-0435  volt  for  about  half  an 
hour,  when,  the  apparatus  having  been  cooled  down,  a  larger 
electromotive  force  was  now  employed. 


An  electromotive 

force  of 

0-087  volt 

0-174     „ 

0-261     „ 


gave  a  deflection  of 
9-5 

19-5 

27-7 
diminishing  to  23*5 
in  thirteen  minutes 


at  a  temperature  of 
-5°-l  C. 

-6°-4  C. 


These  deflections  are  nearly  proportional  to  the  electromotive 
forces. 
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An  electromotive 

force  of 

2-61  volts 

Now  suddenly  in- 
creasing this  to 
4'35  volts 


gave  a  deflection  of 

52-5 
diminisbino;  to  30' 1 

the  deflection  dimi- 
nished to 
39-5 


at  a  temperature  of 

-  8°-3  a 


•8°-3  C. 


It  might  have  been  expected  that  doubling  the  electromo- 
tive force  would  have  more  than  doubled  the  deflection,  since 
the  diminution  of  resistance  in  a  dielectric  produced  by  time 
of  charging  only  proceeds  gradually — whereas  the  deflection 
only  increased  from  30' 1  to  39-5.  This  peculiarity  is  shown 
more  fully  in  the  following  Table,  in  which  the  readings  just 
before  and  after  changing  the  battery-power  are  given,  the 
intermediate  ones  beino;  omitted: — 


Electromotive  force  2*61  volt^. 
Time.  Deflection.  Temperature. 


h    m     s 
7  48  30 


30-1 


-12^0. 


Electromotive  force  of  battery  increased  to  4*25  volts. 

7  49  30  39-5  -12°  C. 

7  51  30  36-5 

Electromotive  force  increased  to  8'7  volts.     First  swing  oft' 
the  scale,  but  very  soon  grew  steady  on  returning. 

7  52     0  53-1  -12°-2  C. 

7  53     0  50-5 

7  54     0  49-1 

Electromotive  force  increased  to  17*4  volts.     First  swing  off" 

the  scale. 

7  55     0  72-7  -12°-5a 

7  5()     0  69-0 

7  61     0  59-5 

Electromotive  force  increased  to  28*71  volts.     First  swing  off 
the  scale. 

8  2     0  76-5  -12°-8  C. 
8     5     0                 68-6 

8     6    0  67-2  -13°-0  C. 

Short-circuited  the  coppers  on  the  two  sides  of  the  ice  for 
four  minutes. 
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Afterwards  electromotive  force  increased  to  87  volts.     First  a 


great  swing  off  the  scale,  then  returned,  and  in  about  one 

minute — that  is,  at 

h    m      s 

Deflection. 

Temperature. 

8  12     0 

212-7 

-12°-85  C. 

8  15    0 

145-7 

9  12     0 

66-2 

-10°-8  C. 

9  17     0 

65-2 

9  58  30 

66-2 

-  8°-85  C. 

Comparing  the  observation  at  8''  12"  0*  with  that  taken  at 
gh  gm  Qg^  ^.g  ggg  j^r^^  ^jjg  deflections  are  nearly  proportional  to 
the  electromotive  forces  employed  ;  this,  however,  is  not  the 
case  in  the  other  instances  when  the  electromotive  force  was 
increased.  The  object  of  giving  three  or  four  time-observa- 
tions for  each  electromotive  force  in  the  above  Table  is  for  the 
purpose  of  showing  with  what  rapidity  the  reading  was 
chano^ino;  in  each  case. 

IV.  February  11. — A  very  consistent  series  of  observations 
was  made.  We  first  tried  the  effect  of  varying  the  time  of 
charging  when  measuring  the  discharge  from  the  arrange- 
ment as  a  condenser ;  and  we  found  that  increasing  the  time 
of  charging  increased  the  discharge,  the  temperature  of  the 
distilled  water  in  the  copper  box  being  8°-7  C.  Charging, 
however,  for  ten  seconds  with  an  electromotive  force  of  0'174 
volt,  and  discharging  through  the  galvanometer  when  shunted 
with  the  one-thousandth  shunt,  and  leaving  the  copper  disk  and 
box  short-circuited  for  fifteen  seconds  after  each  discharge,  we 
obtained,  during  many  successive  trials,  swings  varying  be- 
tween 75  and  81,  and  having  a  mean  value  of  79.  This  cor- 
responded with  a  capacity  for  the  water  of  1881  microfarads, 
or  4-384  microfarads  per  cubic  centimetre,  making  the  specific 
inductive  capacity  of  water  50  x  lO'',  that  of  air  being  called 
unity.  Of  course  this  number  is  rather  too  low,  as  no  allow- 
ance is  made  for  the  loss  of  charge  that  must  occur  in  the 
very  short  interval  between  the  conclusion  of  the  charging 
and  the  commencement  of  the  discharge.  The  current  pro- 
duced by  an  electromotive  force  of  0'174  volt  was  now  passed 
through  the  water,  and  the  fall  of  current  measured  as  the 
temperature  was  lowered.  This  diminution  of  current  was 
partly  due  to  polarization,  but  more  due  to  increase  of  resist- 
ance by  diminution  of  temperature.  It  was  quite  evident  that 
this  increase  of  resistance  Avas  very  great,  and  that  it  was 
quite  regular  in  the  passage  from  the  liquid  to  the  solid  state. 
These  observations  we  do  not  give  ;  it  is  sufficient  to  state  that 
they  were  consistent  with  the  more  important  subsequent  ob- 
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servations  given  below.  When  the  temperature  had  fallen  to 
— 13°*5  C,  we  stopped  the  resistance-tests  to  take  the  capacity 
of  the  ice.  We  charged  for  ten  seconds  witii  an  electromotive 
force  of  0*174  volt,  and  short-circuiting  the  ice  for  fifteen 
seconds  after  each  discharge,  exactly  as  was  done  with  the 
water.  We  now  found,  however,  that  when  using  the  one- 
thousandth  shunt  there  was  no  visible  motion  of  the  spot  of 
light  on  discharging  ;  and  when  no  shunt  was  employed  the 
swings  only  reached  25.  Now,  disregarding  the  error  pro- 
duced by  varying  the  shunt  in  capacity-testing  (a  correction 
for  which  could  be  made  in  the  way  explained  by  Mr.  Latimer 
Clark,  Journ.  Soc.  of  Teleg.  Engineers,  vol.  ii.  1873,  p.  KJ), 
and  also  neglecting  the  frictional  resistance  of  the  air,  it  fol- 
lows that  the  capacity  of  ice  at  — 13°'5  C.  is  to  the  capacity 
of  water  at  +8°-7  C.  as  25  to  79,000,  or  as  unity  to  3160. 
This  result,  however,  has  to  be  corrected  for  the  effects  of  an 
opposing  electromotive  force  due  to  some  slight  oxidation  of 
the  copper  on  the  sides  of  the  ice,  and  which  equalled  0*053 
volt.  Applying  this  correction,  we  find  the  ratio  of  the  ca- 
pacities to  be  as  unity  is  to  2240.  This  makes  the  capacity 
per  cubic  centimetre  of  ice  at  — 13°*5  C.  to  be  0*002  micro- 
farad, and  the  s})ecific  inductive  capacity  22,100,  that  of  air 
being  called  unity. 


Substance. 

Approximate  ca- 
pacity iier  cubic 
centimetre  in 
microfarads. 

Specific  Inductive 
capacity  approxi- 
mately. 

Air 

8831x10"" 

1 

Ice  at  — 13°-5  C 

IQRs/lft— 5                      i>ci^a(\               1 

Distilled  water  at  +8°  7  0. 

4-384 

50x106 

Tliis  furnishes  an  additional  example  of  the  principle  re- 
cently pointed  out  by  us,  that  loio  specific  resistance  is  asso- 
ciated with  higli  specific  inductive  capacity. 

For  further  experiments  on  the  capacity  of  the  ice  at  differ- 
ent temperatures  &c.,  see  further  on. 

At  12  hours  30^  minutes  the  current  produced  by  2*61 
volts  was  passed  between  the  copper  plates,  the  ice  being  at  a 
temperature  of  — 13°*6  C.  The  temperature  was  allowed  to 
rise  very  gradually ;  and  time-readings  of  the  galvanometer 
deflection  were  taken.  From  these  the  cuivcs  ABODE, 
F  G,  HI,  J  K  (fig.  2)  have  been  constructed,  horizontal  dis- 
tances representing  time  on  such  a  scale  that  from  the  point 
A  to  the  point  E  the  time  was  207-|  minutes,  and  vertical 
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distances  measured  from  the  line  0  0  to  the  curve  ABODE 
representing  conductivity,  the  specific  resistance  per  cubic 
centimetre  at  B,  for  instance,  being  2240  megohms.  F  G  is 
a  continuation  from  E  one  tenth  as  great  for  vertical  distances 
(that  is,  for  conductivity),  but  on  the  same  scale  for  horizontal 
distances.  Again  H  I  is  a  continuation  from  G  on  a  scale 
one  hundredth  as  great  for  vertical  distances  as  in  the  curve 
ABODE,  and  J  K  on  a  scale  for  vertical  distances  one 
thousandth  as  great,  the  scales  for  horizontal  distances  in  all 
the  curves  being  the  same.  The  curve  L  M  N  P  Q  is  drawn 
so  that  vertical  distances  measured  from  the  line  X  X  repre- 
sent temperature,  and  horizontal  distances  time — the  zero  for 
titne,  and  the  length  corresponding  with  one  minute,  being  the 
same  as  for  all  the  other  curves  ;  negative  temperature  is  re- 
presented upwards  and  positive  temperature  downwards — the 
point  L  corresponding  with  a  temperature  of  — 13°*1  0. 

Tlie  current  continued  to  diminish  regularly  to  the  point  B, 
when  the  temperature  shown  by  the  point  M  was  — 12°'3  0., 
and  the  time  10  minutes  past  3.  At  this  point  and  at  the 
other  steep  places  in  the  curves,  water  was  thrown  into  the 
freezing-mixture  to  raise  its  temperature  ;  and  at  such  points 
as  0,  where  the  current  had  evidently  reached  a  maximum  at 
a  corresponding  temperature  N,  the  readings  are  supposed  to 
represent  the  true  conductivities  at  the  corresponding  tempe- 
ratures; but  this,  of  course,  is  only  approximately  accurate. 
It  is  very  striking  how  the  maxima  of  conductivity  and  tem- 
perature correspond  with  one  another,  considering  that  the 
thermometer  only  indicated  the  temperature  of  the  air  in  the 
copper  box  above  the  ice,  whereas  change  of  current  indicates 
change  of  state  in  the  ice  itself.  The  very  great  increase  in 
conductivity  which  occurs  at  the  melting-point  is  seen  to  bo 
quite  regular,  and  unlike  what  one  might  expect  from  the  dis- 
continuity of  the  solid  and  liquid  states. 

Taking  the  corresponding  conductivities  and  temperatures 
at  points  0,  N,  &c.,  we  have  drawn  the  curves  R  S,  TV 
(fig.  3).  Horizontal  distances  to  the  right  of  Y  Y  represent 
positive  temperatures,  and  to  the  left  negative,  on  such  a  scale 
that  the  point  R  corresponds  with  a  temperature  of  — 12°*4  C. 
Vertical  distances  measured  from  XX  represent  conductivity 
on  such  a  scale  that  the  point  E,  corresponds  with  a  resistance, 
per  cubic  centimetre  of  2240  megohms.  T  V  is  a  continuation 
from  S  on  a  scale  for  vertical  distances  three  thousandths  of 
that  employed  in  the  curve  R  S,  the  scale  for  temperature  re- 
maining as  before:  the  point  V  thus  corresponds  with  a  resist- 
ance per  cubic  centimetre  of  0'33  megohm  at  a  temperature 
11°"02  0.     From  the  curves  (fig.  3)  it  would  appear  that  the 
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very  great  increase  in  conductivity  occurred  at  about  1°  C.  ; 
it  is  possible,  however,  tbat  the  apparently  corresponding 
points  of  maximum  temperature  and  maximum  conductivity 
shown  in  the  curves  (fiff.  2)  may  not  have  really  exactly  cor- 
responded, although  changes  in  the  temperature  always  ac- 
companied changes  in  the  current. 

The  curves  K  S,  TV  do  not  appear  to  be  logarithmic.  The 
coordinates  of  the  points  from  which  they  have  been  drawn 
are  given  in  the  following  Table: — 

Temperature,  Resistance  per 

in  degreea  cubic  centimetre, 

Centigrade.  in  megohms. 

-12-4  2240 

-  6-2  1023 

-  5-02  948-6 

-  3-5  642-8 

-  3-0  569-3 

-  2-46  484-4 

-  1-5  387-6 

-  0-2  284-0 

+  0-75  118-8 

about  +   2-2  24-8 

+   4-0  9-1 

+   7-75  0-54 

+  11-02  0-34 

V.  The  copper  disk  G  H  (fig.  1 )  was  now  removed  and 
replaced  by  a  disk  of  zinc  of  exactly  the  same  size.  The 
pieces  of  glass  used  to  s(^parate  the  zinc  disk  from  the  bottom 
of  the  copper  box  were  the  same  as  those  previously  employed, 
being  0*324  centim.  thick.  Distilled  water  was  poured  in  so 
as  to  cover  the  zinc  plate,  and  the  cover  was  cemented  on 
the  box  as  before.  In  the  following  experiments,  K  J  (fig.  1) 
was  a  strip  of  zinc  cut  out  of  the  same  sheet  as  the  disk  G  H 
and  bent  up  :  the  strip  K  J  and  the  disk  G  H  were  therefore 
continuous  without  joint.  The  point  J  was  joined  to  one  of 
the  electrodes  of  a  Thomson's  quadrant  electrometer,  and  the 
copper  box  D  C  to  the  other  electrode.  Both  with  water  and 
with  ice  the  maximum  electromotive  force  obtained  was  one 
volt  about. 

In  the  first  sets  of  experiments,  A,  B,  C,  the  zinc  disk  and 
copper  box  were  alternately  joined  together  and  insulated  from 
one  another,  the  result  of  the  short-circuiting  being,  of  course, 
to  diminish  the  electromotive  force  by  polarization.  While 
this  was  being  done  the  temperature  was  gradually  lowered. 
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It  is  rather  difficult  to  determine  how  much  the  results  were 
affected  by  polarization  and  how  much  by  the  lowering  of  the 
temperature.  We  give,  however,  the  results  (in  a  tabulated 
form)  as  we  obtained  them: — 

A. 


Time  of  short- 
circuiting,  in 
minutes. 

fl       ection 
immediately 
on  insulating. 

Highest 
deflection. 

Time  taken  to 
arrive  at  high- 
est deflection, 
in  minutes. 

Temperature, 
in  degrees 
Centigrade. 

i 

240        J  i'^*"  time  quickly 
\  2nd  time  slowly 

1  about  0° 

i 

240 

3 

-4° 

i 

207 

2 

1 

203 
196 

[falling  gra- 

i 

190 

'     dually. 

i 

r 

178 
176 

1 

J 

3 

' 

diminishing  to 
89 

I      quickly. 

-12° 

B. 

1 

nearly  0 

210 

8 

15°  to  l°-5 

1 

151 

9 

-l°to-5°-5 

1 

jj 

170 

-6° 

C. 

^ 

1 

184 

203 

5.i 

-|-2°-6 

1 

184 

203 

H 

+2°-6 

3 

168 

204 

+2°-6 

7 

156 

204 

+2°-6 

10 

150 

167 

i 

-l°-5to-2°-7 

1 

153 

175 

6 

-3°to-3°-5 

3 

154 

179 

7 

7 

195-5 

25 

-5°to-9°-5 

7 

208-5 

60 

-12° 

It  is  possible  that  the  deflection  208*5  would  always  have 
been  obtained  had  the  zinc  plate  been  left  sufficiently  long 
insulated  after  short-circuiting.  The  plate  and  box,  however, 
were  alwaj's  short-circuited  when  the  rise  in  the  electromotive 
force  had  apparently  ceased. 

To  separate,  to  a  certain  extent,  the  effects  due  to  polariza- 
tion from  those  due  to  difference  of  temperature  the  following 
experiments  were  made.  The  zinc  plate  and  copper  box  were 
alternatel}"  short-circuited  for  two  minutes  and  insulated  for 
two  minutes,  the  temperature  being  kept  constant  at  +  22°'5  C. 
This  being    repeated  six  times,  reduced  the  deflection  231, 
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obtained  at  the  end  of  the  first  two  minutes  of  insulation,  to 
155,  obtained  at  the  end  of  the  last  two  minutes  of  insulation. 
Exactly  the  same  experiment  being  repeated  ten  times  with 
ice  at  a  constant  temperature  of  about  —17°  C,  the  deflec- 
tion 212,  obtained  at  the  end  of  the  first  two  minutes  of  insu- 
lation, was  only  reduced  to  203  at  the  end  of  the  last  two 
minutes  of  insulation.  It  would  therefore  appear  from  this 
set  of  ex})eriments,  that  the  smaller  amount  of  polarization 
produced  by  the  high  resistance  of  the  ice  only  allowing  a 
small  current  to  flow  during  the  short-circuiting  of  the  zinc 
plate  and  copper  box  was  of  rather  more  importance  than  the 
solidity  of  the  ice  retarding  dissipation  of  polarization. 

VI.  Further  experiments  on  the  Specijic  Inductive  Capacity  of 
Ice. — The  zinc  disk  G  H  (fig.  1)  was  now  removed  and  the  ori- 
ginal copper  disk  replaced.  With  a  charging  electromotive 
force  as  small  as  0'174  volt,  we  found  that,  in  the  case  of  ice, 
it  was  always  necessary  to  carefully  correct  the  swing  for  the 
opposing  permanent  electromotive  force  existing  between  the 
copper  disk  and  the  copper  box,  whereas  with  water  at  about 
+ 10°  C,  when  using  the  same  charging  electromotive  force, 
it  was  not  necessary  to  make  any  such  correction.  Rough 
measurements  gave  this  opposing  electromotive  force  at 
— 12°*4  C.  as  0*017  volt,  and  showed  that  as  the  temperature 
rose  there  seemed  to  be  a  regular  decrease  :  at  0°  C.  it  was  only 
0*003  volt,  and  at  higher  temperature  it  was  immeasurably 
small  by  the  rough  method  we  employed.  To  avoid  this  cor- 
rection being  of  so  much  importance,  we  used  an  electromo- 
tive force  of  0*87  volt  to  determine  the  capacity  of  ice  at  dif- 
ferent temperatures.  We  did  not  find  that  the  time  of  char- 
ging or  the  time  of  short-circuiting  affected  our  results  nearly 
as  nmch  as  in  the  case  of  water ;  in  fact,  the  time  of  short- 
circuiting  our  ice  condenser  between  successive  tests  of  its  ca- 
pacity hardly  affected  the  results  at  all ;  but  during  a  series 
of  observations,  the  time  of  short-circuiting  between  every 
two  being  fifteen  seconds,  and  the  time  of  charging  beino- 
gradually  increased  from  five  seconds  up  to  thirty,  the  swings 
increased  from  56  to  70  divisions  of  the  scale.  We  therefore, 
as  on  the  former  occasion,  always  charged  for  ten  seconds 
and  short-circuited  for  fifteen.  Four  or  five  consecutive  ob- 
servations of  this  kind  always  showed  a  slight  increase  from 
the  first  to  the  last,  the  temperature  being  kept  quite  constant. 
Several  series  at  different  temperatures  are  shown  in  the  fol- 
lowing Table: — 
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Temperature,  in 

Swings,  first  and 

Time. 

degrees  Centi- 

last of  a  series  of 

grade. 

four. 

h  m 
9  20 

0 

-9-5 

rei 

\61-5 

9  25 

-8-8 

r57 
tfil 

9  30 

-77 

J  58 
"  60-5 

9  37 

-35 

r57 

\  62-5 

9  44 

-2-5 

reo 

161 

9  55 

0 

r47-5 
152-5 

In  the  above  experiments  the  ice  condenser  always  remained 
short-circuited  while  the  temperature  was  being  raised  between 
each  set  of  experiments.  The  results  obtained  appear  to  show 
that  the  specific  inductive  capacity  of  ice  does  not  materially 
alter  from  —  9°"5  C.  to  —  2°'5  C.  ;  the  apparent  change 
near  the  melting-point  is  very  probably  due  to  the  increased 
conductivity  of  the  ice  allowing  much  of  the  charge  to  be  lost 
before  the  discharge  through  the  galvanometer.  Our  preceding 

experiments  have  shown  that  the  conductivity  of  -|    ^^^     v 

increases  regularly  ivithout  discontinuity  from  — 10°  C.  to  +  10° 
C,  although  altering  very  rapidly  at  0°  C,  where  the  change  of 
state  occurs.  The  specific  inductive  capacity,  on  the  other 
hand,  appears  to  change  very  little  while  the  dielectric  (ice) 
is  solid,  and  perhaps  also  changes  very  little  while  the  dielec- 
tric (water)  is  liquid.  It  must  therefore  probably  undergo  a 
great  change  at  the  melting-point,  since  we  have  shown  that 
the  specific  inductive  capacity  of  water  at  8°-7  C.  is  about 
2240  times  that  of  ice  at  — 13°*5  C.  The  specific  inductive 
capacity  seems  therefore  to  be  a  stress  and  strain  phenomenon, 
and  to  be  intimately  connected  with  the  rigidity  of  the  body  ; 
whereas  the  connexion  between  conductivity  and  rigidity 
seems  to  be  less  marked.  This,  we  think,  bears  out  all  recent 
theories  in  molecular  physics.  The  complete  investigation  of 
the  connexion  between  the  conductivity  and  specific  inductive 

capacity  of  \  "^^.^'^^'^  I  at  different  temperatures  will  form  the 

subject  of  a  second  paper. 
March  22,  1877. 
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XVII.    Notes  on  theTheory  of  Sound.     By  R.  H.  M.  BoSAN- 
QUET,  Fellow  of  St.  Johns  College,  Oxford. 

[Continued  from  p.  39.] 

6.   The  Unsymmetrical  Divergence  of  Sound  in  Air. 

THE  most  complete  example  of  unsymmetrical  divergence 
is  formed  by  a  disturbance,  covering  an  element  of  sur- 
face so  small  as  to  be  sensibly  plane,  advancing  through  the 
air  with  lateral  expansion,  so  that  its  edges  trace  out  a  cone 
of  small  vertical  angle. 

It  has  generally  been  assumed  that  when  sound  issues  from 
the  end  of  a  tube  whose  diameter  is  small  compared  with  the 
wave-length,  it  diverges  after  a  time  in  an  approximately  sphe- 
rical form.  Helmholtz,  for  instance,  assumes  that  at  consi- 
derable distances  from  the  orifice  the  motion  may  be  expressed 
by  the  velocity  potential  of  symmetrical  spherical  (or  sectorial) 
divergence.  I  have  endeavoured  to  pave  the  way  in  the  ex- 
amination of  the  details  of  the  action  by  an  experimental  study 
of  the  motion  of  the  air  in  the  case  of  uniform  flow  from  the 
end  of  a  pipe  ;  and  in  the  case  of  outward  flow  it  is  quite 
clear  that  no  approximation  to  a  symmetrical  divergence  takes 
place  at  any  moderate  distance  from  the  orifice. 

It  is  clear  that,  according  to  the  rigorous  treatment  of  sym- 
metrical spherical  divergence  in  Part  I.,  the  motion  in  the 
case  of  a  periodic  slowly  changing  flow  is  ultimately  of  the 
same  nature,  at  any  given  instant,  as  that  of  a  steady  flow. 
The  general  reasoning  by  which  the  similarity  of  the  tw^o  mo- 
tions at  any  instant  was  independently  deduced  in  that  case 
holds  also  in  this. 

Under  these  circumstances  we  may  treat  the  phenomena  of 
steady  flow,  which  are  easily  observed  in  a  rough  manner,  as 
affording  information  as  to  the  nature  of  the  motion  in  the 
case  of  a  periodic  flow  whose  wave-length  is  great  in  compa- 
rison with  all  the  dimensions  concerned.  The  cases  of  air 
issuing  from  and  entering  the  orifice  of  a  tube  present  differ- 
ent forms.     First,  as  to  air  issuing  from  an  orifice. 

The  simplest  way  of  observing  the  form  of  motion  of  the 
issuing  air  is  to  blow  smoke  out  from  the  rounded  aperture  of 
the  mouth  with  a  slight  but  steady  pressure.  The  issuing 
smoke  in  this  case  forms  a  cone  whose  vortical  angle  is  some- 
where about  20°  to  30°.  Vertical  movements  take  place 
which  we  leave  out  of  consideration. 

An  india-rubber  tube  was  attached  to  an  acoustic  bellows 
and  caused  to  give  forth  from  its  end  a  horizontal  blast.  The 
pressure  used  was  that  of  the  bellows  alone  with  all  weights 
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removed — say  half  an  inch  of  water.  The  motion  in  the  sur- 
rounding air  was  explored  first  with  a  candle-flame,  and  then 
^vith  a  pendulum  formed  bv  a  piece  of  light  fluff  attached  to  a 
thread.  The  latter  means  proved  far  the  most  sensitive.  The 
motion  consisted  of  a  forward  blast  occupying  a  cone  of  ver- 
tical angle  20°  to  30°,  the  outer  air  streaming  towards  the  cone 
from  all  sides.  The  inclination  of  the  stream  to  the  axis  of 
the  tube  is  approximately  half  that  of  the  radius  vector  from 
the  end  of  the  tube  to  the  point — the  inclination  of  the  stream 
being  nil  at  points  close  to  the  tube  itself,  about  45°  at  points 
in  the  plane  of  the  mouth,  and  nearly  at  right  angles  to  the 
prolonged  axis  of  the  tube  where  the  stream  joins  the  outward 
blast.  The  phenomenon  is  that  familiar  as  the  origin  of  the 
steam  blast,  and  in  connexion  with  a  well-known  problem  in 
hydrodynamics. 

When  the  flame  was  placed  close  to  the  pipe,  a  short  dis- 
tance behind  the  mouth,  it  curled  over  and  bent  towards  the 
mouth  in  such  a  way  that  it  was  hardly  possible  to  believe 
that  the  air  was  not  being  drawn  in.  A  tube  was  then  used 
disconnected  from  the  bellows,  and  the  air  alternately  draAATi 
in  and  blown  out  while  the  flame  was  in  the  above  position  ; 
the  movements  of  the  flame,  when  suitably  placed,  were  undis- 
tinguishable  in  the  two  cases.  It  is  therefore  clear  that  we 
have  here  a  source  of  transformation,  in  the  case  of  musical 
pipes  with  open  ends,  by  which  the  octave  of  the  note  of  the 
pipe  must  be  formed  in  the  surrounding  air.  The  amount  of 
transformation  due  to  this  cause,  however,  is  small  ;  for  the 
currents  of  this  description  are  very  faint. 

The  case  of  a  tube  terminating  in  a  plane  or  flange  was 
then  examined.  A  brass  tube  about  2  feet  long  and  9  inches 
in  diameter  was  fitted  with  a  flange  6  inches  in  diameter, 
through  a  hole  in  the  centre  of  which  the  end  of  the  tube 
passed.  The  other  end  of  the  tube  fitted  into  the  sound-board 
of  the  acoustic  bellows,  by  means  of  which  currents  of  air 
could  be  driven  through  the  tube.  Burning  substances  Avhich 
gave  ofl'  dense  smoke  were  placed  on  the  flange ;  and  the  course 
of  the  smoke  was  watched  against  a  dark  background.  The 
issuing  air  diverged  in  a  cone  with  vertical  angle  20°  to  30°. 
When  the  blast  was  strong  enough,  a  steady  horizontal  cur- 
rent was  maintained  along  the  surface  of  the  flange  directed 
towards  the  issuing  cone  ;  the  smoke  was  carried  in  by  this 
current  and  mixed  with  the  issuing  air,  which  then  formed  a 
well-defined  cone.  There  was  here  a  source  of  inaccuracy  in 
the  upward  tendency  of  the  smoke  ;  there  could,  however,  be 
little  doubt  that  the  currents  of  the  outer  air  preseiwed  a  direc- 
tion nearly  at  right  angles  to  the  prolonged  axis  of  the  tube. 
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I  failed  to  get  any  distinct  difference  in  the  vertical  angle 
with  and  without  the  flange,  though  it  is  clear  some  such  dif- 
ference must  exist ;  I  also  failed  to  ascertain  any  dependence 
of  the  vertical  angle  on  the  pressure  or  velocity  of  issue.  Pos- 
sibly with  an  ap])aratus  adapted  for  accurate  measures  differ- 
ences of  this  kind  may  be  shown  to  exist. 

Secondly,  as  to  air  sucked  into  the  orifice  of  the  pipe.  I 
have  made  but  few  experiments  in  this  case  ;  but  there  can  be 
little  doubt  that  the  currents  all  tend  towards  the  orifice,  and 
that  at  a  moderate  distance  the  supposition  of  spherical  con- 
vergence is  approximately  applicable  to  the  case  without  a 
flange,  and  that  of  hemispherical  convergence  to  the  case  with 
a  flange. 

It  would  appear  that  the  character  of  the  motion  is  quite 
difterent  in  the  two  cases.  In  the  case  of  the  issuing  air  we 
may  regard  the  motion  a])proximat(^ly  as  being  at  first  the 
mere  impact  of  a  series  of  disks  travelling  forward  ;  the  amount 
of  divergence  I  am  unable  to  give  any  theoretical  account  of. 
But  when  this  divergence  is  once  established,  it  appears  as  if 
the  motion  decomposed  itself  into  two  opposite  streams  of 
energy — the  divergent  stream  (pressures)  travelling  forward 
through  its  cone,  as  in  symmetrical  sectorial  divergence, 
while  the  stream  of  rarefactions,  having  the  constraint  of  the 
symmetry  removed,  diverges  through  the  sides  of  the  cone 
from  every  surface  and  gives  rise  to  the  observed  currents  in 
the  air  outside  the  cone.  In  the  case  of  suction  or  inward 
flow,  on  the  other  hand,  it  would  appear  that  the  conditions 
of  symmetrical  divergence  of  energy  subsist  in  substance. 

We  shall  return  later  to  the  interpretation  of  these  results, 
and  shall  now  proceed  to  the  calculation  of  the  "  centre  of 
phase  "  for  cases  of  divergence  supposed  symmetrical.  We 
shall  base  these  calculations  on  the  construction  of  a  wave- 
front,  in  a  manner  somewhat  analogous  to  the  construction  of 
Huyghens  in  optics  ;  i.  e.  spheres  with  radius  r  are  described 
from  all  j)oints  of  the  source-surface  Sq,  and  the  external  en- 
velope of  these  spheres  is  treated  as  the  wave-front.  This 
involves  several  hypotheses  which  are  certainly  not  accurately 
fulfilled  ;  at  the  same  time  it  aftbrds  a  sufficiently  close  ap- 
proximation for  many  purposes  to  the  state  of  things  supposed 
in  the  theory  of  Helmholtz. 

If  in  this  case  we  suppose  the  disturbance  uniformly  distri- 
buted over  each  wave-front,  we  have  general  conditions  resem- 
bling in  their  synnnetry  those  of  symmetrical  spherical  diver- 
gence. Under  these  circumstances  we  may  assume  that  all 
the  energy-elements  are  reflected  back  into  the  source  Sq  j  ^rid 
we  easily  obtain  values  for  the  centre  of  phase  fairly  agreeing 


128         Mr.  R.  H.  M.  Bosanquet  on  the  Theory  of  Sound. 

with  the  numei'ical  results  of  Helmholtz's  theory  and  with  ex- 
periment. It  must  be  understood  that  these  numerical  results 
can  be  obtained  in  several  different  ways  ;  and  other  condi- 
tions, such  as  knowledge  of  the  coefficient  of  extinction,  or 
proportion'of  energy  failing  to  reach  the  source  after  reflexion, 
and  knowledge  of  the  actual  form  of  motion,  must  be  applied 
to  distinguish  between  the  hypotheses.  The  calculation  re- 
duces itself,  according  to  the  methods  of  the  last  note,  to  the 
evaluation  of 

-Cd^ 


C  d^  _-  Cd^ 


where  S  is  the  surface  of  the  wave-front. 

To  determine  this  surface, 
let  a  be  the  radius  A  0  of  the 
circular  end  (So)  of  a  cylin- 
drical tube,  r  the  radius  with 
which  the  spheres  are  de- 
scribed whose  sections  are  the 
circles  shown,  r  being  also  the 
distance  through  which  a 
given  disturbance  is  supposed 
to  have  travelled  since  it  left 
Sq.  It  is  required  to  find  the 
surface  of  revolution  about  the  axis  of  the  tube  traced  out  by 
the  outer  limit  of  the  circles  shown. 

The  curved  half-ring  surface  traced  out  by  the  semicircle 
whose  centre  is  A  is  easily  found  by  the  theorem  of  Guldin  ; 
it  is 

/  '2iT  \ 

Trr  X  2-77  r H  a  )  =  47rr^  +  'i'jT^ar. 

Adding  to  this  the  plate  nrc^  which  lies  parallel  to  the  circular 
end  of  the  pipe,  the  whole  surface  is 

^irr^  +  27r^ar  +  iro?. 

Or,  if  we  suppose  the  flange  (indicated  by  the  dotted  lines  at 
the  sides)  to  be  introduced,  the  curved  part  has  half  the  value 
above  stated,  and  the  surface  for  the  case  of  hemispherical 
divergence  becomes 

27rr^  +  ir^ar  +  'rrdK 

As  all  our  proceedings  are  approximate,  I  shall  not  introduce 
the  above  expressions  for  the  surface  into  the  integrals,  but 
employ  functions  of  a  simpler  type,  conditioned  to  have  the 
value  ircv^  at  So,  a  value  determined  from  the  above  at  7'  =  a, 
and  a  value  approximating  to  that  of  sphere  or  hemisphere  for 
large  values  of  r. 
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First,  then,  when  r  =  a,  the  above  values  give  for  S, 
without  flange  ...  7ra'(5  4-2'7r)  =  ll*37ra'*, 
with  flange    7ra'(3  +  7r)    =   G'lTra^. 

The  conditions  are  satisfied  roughly  by  the  following  assump- 
tion for  the  case  without  flange, 

S  =  7r(«  +  2r)2. 

When  r  is  great,  this  re})resents  nearly  a  sphere  of  radius  r. 
Making:  this  substitution  in  the  formula 


J.  "^8^=1  s^ 


we  find 

f  =  *50a. 

We  shall  see  that  the  experimental  determinaiions  lead  us  to 
a  value  of  about  *55a  ;  so  that  experiment  is  thus  fairly  repre- 
sented. 

The  calculation  of  the  case  with  flange  may  be  derived  from 
the  above  by  assuming  S  =  7r(rt  +  \/2ry,  which  makes 
Sa  =  5*87ra^,  the  wave-front  condition  requiring  G'lvra^  and 
S^  =27rr^.     Applying  the  above  formula,  we  find 

r=  -^  A  =-707  a. 

The  following  is  another  form  of  assumption  of  a  more 
elastic  character,  in  which  we  employ  a  combination  of  two 
forms  of  surface  having  a  common  value  at  r  =  a.  Consider 
first  the  hemispherical  case  (with  flange).  We  can  represent 
the  wave-front  surface  (6*1  Tra^  when  r  =  a)  by 

S=7r(a2-H5r2); 

then,  in  order  to  make  the  surface  tend  to  that  of  a  hemisphere, 
we  must  alter  the  assumed  form  between  r=:a  and  r  =  oo  and 

which  tends  to  a  hemisphere  when  r  is  great.  For  the  pur- 
pose of  this  calculation  the  following  formula  is  convenient; — 
If 

Si  =  ir^m-^a^  +  «  J»'"), 

and 
then 

I   r  ^^  +  I     r-^^  =  _   (  ^tan-'-i4 -(  .-tan"'    ^     ). 

Phil.  Mag.  S.  5.  Voh  4.  No.  23.  Auj.  1877.  K 
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In  the  above  case, 


in 


*1  =  4,     n|=2. 


r 


Then  equating  the  result  of  the  above  fonnula  to  — ^,  we  find 

r  =  '85a,  which  is  a  little  greater  than  the  value  (*82a)  given 
bj  Lord  Rayleigh. 

The  two  values  given  by  these  two  hypothetical  forms  of 
motion  lie  on  opposite  sides  of  the  true  A^alue  for  hemispherical 
divergence ;  we  may  conclude  therefore  that  the  true  form  is 
intermediate  in  character  between  the  two. 

We  may  apply  the  abo"V'e  formula  to  get  a  more  exact  re- 
presentation of  the  hypothetical  complete  divergence  without 
flange.  Here  the  surface  when  r  —  a  was  to  be  11*3  7ra^.  We 
will  put 

^2-1^       71^  =  10, 

ni^=l,     nl  =  4, 
making  S  =ll7ra^ :  whence  we  find 
r='574«, 

which  represents  closely  the  experimental  value  I  adopt  (•55  a). 

That  it  may  be  understood  clearly  how  it  is  that  I  do  not 
consider  the  correspondence  of  the  values  of  this  theory  with 
experiment  to  prove  the  h^^othesis  of  uniform  spreading,  I 
proceed  to  point  out  that  the  conceivable  forms  of  divergence 
are  infinite  in  number,  and  that  for  every  one  a  law  of  diver- 
gence of  the  reflected  elements  may  be  imagined  which  will 
give  the  results  in  question.  To  test  whether  any  one  form  is 
the  real  one,  it  is  necessary  either  to  investigate  the  form  by 
direct  experiment  (which  is  the  course  I  have  selected),  or  to 
determine  experimentally  the  degree  of  resonance,  or  to  pro- 
duce a  complete  theory  determining  the  point  (which  in  my 
opinion  cannot  at  present  be  done).  Such  a  theory  has  first  to 
account  for  the  fact  that  air  issuing  under  low  pressure  from 
the  end  of  a  tube  diverges  in  a  cone  whose  A^ertical  angle  is 
approximately  20°,  and  excites  in  the  surrounding  air  streams 
of  the  nature  which  have  been  described.  Without  dealing 
generally  with  the  infinitely  various  forms  of  divergence,  1 
will  touch  upon  certain  cases  which  illustrate  the  passage  from 
the  one  form  to  the  other  ;  and  it  will  be  convenient  to  asso- 
ciate these  with  the  simplest  forms  which  can  be  supposed  to  be 
assumed  by  the  law  regulating  the  divergence  of  the  reflected 
elements  of  energy  per  second. 

The  divergence  of  the  reflected  elements  could  conceivably 
take  place  in  several  ways  : — First,  according  to  the  law  which 


Mr.  R.  H.  M.  Bosanquet  on  the  Theory  of  Sound.        131 

would  subsist  if  we  treated  each  reflected  element  as  an  inde- 
pendent sunrco,  and  applied  the  Helniholtz-liaylei/rh  theorem 
of"  reciprocity.  This  simply  amounts  to  saying  that  it  does  not 
matter  which  way  a  disturbance  travels  from  one  point  to  an- 
other ;  the  fraction  of  the  energy  per  second  of  unit  surface 
at  the  source  which  reaches  the  unit  receiving  surface  is  the 
same,  whichever  of  the  two  be  source  or  receiver.  In  this  case 
it  is  easy  to  see  that  the  above  fraction,  from  unit  surface  to 

(gOv  2 
^-  j  ,  if  we  suppose  the  divergent  stream  to 

behave  as  in  spherical  divergence.     (For  the  fraction  of  energy 

from  Sq  that  reaches  S  is  ^ ;  and  of  this  only  the  fraction  ■^- 

lies  on  the  surface  S^  equal  to  that  of  the  source.)  The  frac- 
tion of  any  energv-element  from  S  that  returns  to  S-j  is  then 

measured  by  -^.     (For  it  is  the  fraction  (  ^r  )  taken  as  many 

times  as  the  surface  Sq  goes  into  the  surface  S.)  The  energy- 
reflected  from  surface  S  to  S^  is  consequently  proportional  to 

^3,  the  reflected  element  itself  being  proportional  to  -^). 

This  is  on  the  hypothesis  that  the  reflected  element  behaves 
as  an  independent  source. 

Secondly,  it  may  be  imagined  that  the  energy-element  di- 
verges from  the  reflecting  surface  S  in  the  same  manner  as  if 
it  were  diverging  from  an  image  of  the  source  S„  placed  behind 
8.  The  motion  would  be,  from  this  jioint  of  view,  regarded 
as  a  directed  one,  of  the  nature  of  ])rojection  of  a  number  of 
small  particles  from  S(j  which  make  their  way  by  impacts. 
For  small  distances  from  S^,  the  surface  S,  in  ^^hich  elements 
of  energy  emerging  sinuiltaneously  in  paths  nearly  parallel  lie 
at  any  time,  is  approximately  plane.  The  magnitude  of  the 
surface  X  in  which  they  would  lie  after  a  formal  reflexion  at 
S,  according  to  the  ordinary  law  (angle  of  incidence  =  angle 
of  reflexion),  =  the  plane  sectionof  the  cone  of  divergence  lying 
at  the  same  distance  from  S  as  S  from  S^.     Consequently 

s_s    .5._s^. 

This  surface  ^,  which  should  be  occupied  by  the  energy  re- 
flected from  S,  lies  in  the  plane  of  S^ ;  and  the  fraction  of 
reflected  energy  that  would  reenter  S  is 

^  ^   w 

JO 

The  reentering  energy-element  is  here  measured  by  -05  • 

K2 
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Thirdly,  it  is  tolerably  clear  that  the  conception  of  the  last 
case  is  correct  so  far  as  the  projection  of  the  air  goes,  but  not 
in  regarding  the  reflexion  as  like  that  of  particles.  What 
really  happens  is,  that  the  disturbance  in  its  advance  leaves  a 
certain  defect  of  pressure  behind  it  as  it  expands  ;  and  this 
behaves  likes  a  suction  of  air  into  a  circular  opening,  the  sur- 
rounding air  pressing  into  it  pretty  uniformly  from  all  direc- 
tions.    We  shall  return  to  this  case. 

First,  then,  according  to  the  law  of  reciprocity,  which  treats 
tlie  reflected  impulse  like  an  independent  source,  the  element 

of  energy  which  reaches  Sq  from  S  is  measured  by  ^  ;  con- 
sequently the  "centre  of  phase"  of  the  reflected  vibration  is 
determined  by  the  equation 

r 

-2Sf 

The  following  are  the  results  for  a  few  assumed  forms  under 
this  law : — 

r 

a  ■ 
for  law  expressed  by 
CO  «»  <^S 

irid'  +  r'')  7r(a2  +  r2)     ^ 

7r(a2  +  0  27ry2  -728 

7r(a2  +  r2)  Atrr'' -2ira''    -69 

7r(a2  +  2/-2)  7r(a2  +  2y2)     -555 

7r(a2  +  2r0  ^-rn^-'wa'     -53 

7r(a2  +  3r'0  ^irr'^  '45 

We  see  that  this  law,  Avhich  we  may  call  the  reciprocity 
law  for  the  moment,  requires  a  form  of  motion  somewhat  dif- 
ferent from  any  we  have  hitherto  come  across.  The  motion 
represented  by  the  first  entry,  which  gives  the  number  of  the 
Helmhoitz  theoiy,  certainly  does  not  exist ;  nor  do  really  any 
of  the  others.  Yet  the  results  are  useful ;  for  these  are  func- 
tions of  the  type  of  those  which  must  express  the  motion.  We 
can  draw  at  least  one  conclusion  about  such  functions  in 
general,  for  which  we  have  been  already  prepared.  Compare 
the  cases  in  which  the  same  form  at  r  =  a  diverges  into  hemi- 
sphere and  sphere.     One  such  pair  of  values  is  '726,  '69  ;  an- 
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other  such  pair  is  '555,  '53.  Hence  we  infer  that  a  flange 
which  imposes  hemispherical  diAergence  aft'ects  the  numerical 
result  by  altering  the  form  of  motion  near  the  source,  and 
that  the  difl:erence  between  the  results  of  various  forms  at 
great  distances  is  insignificant  if  the  form  near  the  source  is 
constrained  to  be  the  same. 

Secondly,  according  to  the  law  of  reflexion  as  from  an  image 
of  the  source. 


d'6 


r 


We  can  determine  an  approximately  conical  form  of  expansion 
in  this  case  which  agrees  fairly  with  the  observed  conditions, 
as  far  as  the  position  of  the  centre  of  phase  and  angle  of  diver- 
gent cone  are  concerned  ;  but  the  part  of  the  observed  pheno- 
menon which  consists  of  the  flow  of  the  surrounding  air 
towards  the  diverging  cone  is  not  truly  represented ;  and  we 
have  seen  that  the  hypothesis,  of  which  the  law  is  an  expres- 
sion, is  not  admissible.     Assume 

S  =  7r(a  +  ^T)2, 

which  represents  a  plane  circle  of  radius  a  +  kr  ;  this  may  be 
represented  as  tracing  out  a  cone  of  semivertical  angle  k.  If 
we  then  calculate  r  by  the  above  formula,  we  find 

a 

Ik 

Ascribing  the  known  values  to  r,  we  find 

r.  tan~*  k. 

•8  a  10°     8' 

•55  a  14°  35'  nearly, 

which  correspond  to  cones  of  about  20°  and  29°  vertical  angle 
respectively.  This  corresponds  fairly  with  experiment,  a*nd 
shows  that  vye  are  approximating  to  the  form  of  function  which 
is  capable  of  representing  the  observed  facts. 

Let  us  now  turn  to  the  state  of  things  experimentally  found 
in  the  case  of  outward  flow.     We  shall,  as  above,  put 

S  =  7r(a  +  ^?"y ; 

but  from  S  we  shall  suppose  the  reflected  rarefaction  to  diverge 
in  the  manner  represented  by  drawing  spheres  from  the  dis- 
turbed points  as  centres,  and  we  consider  the  surface  S  thus 
covered  after  divergence  through  r.     The  wave-front  on  circle 


134      Mr.  R.  H.  M.  Bosanquet  on  the  Theory  of  Sound. 

of  radius  p  at  distance  r  is,  as  before, 

^Trr"^  +  TTpr  +  irp^  ; 
or  putting  p  =  a  +  kv, 

^  =  '7r{r\2+'7rk  +  P)+ar{7r  +  2k)  +  a''}. 
The  element  diminishes  in  divergence  as  the  surface  increases ; 

and  of  that  on  S  only  -^  reaches  S^  ;  so  that  the  total  energy 

that  reaches  S^,  is  measured  by 

The  surface  S  when  r=a  has  the  value 

Xa=^'JTaX3  +  7r(l  +  k)  +  2k  +  P). 

Suppose  k  to  be  a  small  fraction,  such  that  the  term  which 
involves  it  can  be  neglected  for  approximate  purposes.  We 
have  then  to  represent  the  law  of  variation   of  the   function 

K^  by  a  power  of  S,  such  that  the  two  functions  shall  have 

the  same  value  at  ?"  =  0  and  r  =  a;  we  neglect  the  difference 
at  great  distances. 

Let  2.  =  -^—,  where  r  =  a;  then  S  =  So  when  r  =  0. 

When  r=a, 

2  =  (3  +  7r)7ra^,  approximately, 
neglecting  terms  in  k;  and 
S  =  7r(a  +  ^->')^; 
.*.  3  +  7r  =  (l4-^')^''',  approximately  ; 
.-.  •7SS  =  2xMk, 
where  M  =  '434  (modulus  of  logarithms). 
.'.  k.i'  =  'd,  nearly. 
In  the  equation 

Tutting  S=^,  we  get 

whence,  since  S  =  7r(a  +  kry, 

and  kx='9: 


k{4:x-iy 
a 
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That  is,  for  small  values  of  k,  r  approximates  to  a  value  of 
about -Sa  under  the  circumstances  of  motion  under  investigation. 
In  tlio  present  unsettled  condition  of  the  experimental 
values  for  tubes  which  are  very  long  in  proportion  to  their 
diameter,  it  would  be  rash  to  pronounce  definitively ;  but,  so 
far  as  I  know,  values  of  r  so  low  as  this  are  not  well  estab- 
lished, although,  as  far  as  my  own  experiments  go,  I  cannot 
say  that  '"da  is  beyond  the  range  of  experimental  error.  If 
for  the  present,  however,  we  admit  that  the  vakie  'oba  repre- 
sents the  present  experimental  results  more  nearly,  we  learn 
that  the  divergence  of  the  reflected  stream  of  energy,  so  far  as 
it  lies  within  the  issuing  stream  of  air,  does  not  take  place  in 
the  manner  above  supposed,  i.  e.  it  does  not  spread  freely 
with  hemispherical  divergence,  but  behaves  more,  as  far  as 
amount  of  divergence  goes,  so  as  to  agree  with  the  law  of 
reflexion  from  an  image  of  the  source.  The  analytical  dis- 
cussion of  the  actual  motion  is  a  matter  which  I  do  not  pro- 
pose to  attempt ;  but  the  following  considerations  will  show 
the  general  nature  of  the  motion  regarded  as  a  modification 
of  spherical  divergence,  and  will  give  some  idea  of  the  extreme 
complexity  of  this  part  of  the  problem. 

In  spherical  or  sectorial  divergence  we  saw  that  the  re- 
flected energy  formed  a  convergent  stream,   and  suggested 
that  divergence  might  be  prevented  by  the  synnnetry  (/.  e.  all 
the  motions  necessary  for  divergence  may  be  reduced  to  equal 
pairs  in  opposite  directions).     In  the  present  case  of  diver- 
gence throuoh  a  cone  of  small  vertical  anfjle,  the  constraint 
at  the  exterior  surface  of  the  cone  is  entirely  removed,  the 
reflected  energy  close  to  the  surface  diverges   freely  in  the 
hemispherical  form,  and  gives  rise  to  the  inward  flow  towards 
the  surface  of  the  cone  which  takes  place  through  the  sur- 
rounding air.     But  in  positions  near  the  axis  of  the  issuing 
cone  there  is  but  little,  if  any,  less  constraint  than  in  the  case 
where  the  sectorial   form  is  maintained  by  enclosure  within 
walls ;  so  that  this  portion  of  the   reflected   stream  does  not 
get  away  freely,  as  is  supposed  in  the  last  investigation. 
The  results  up  to  the  present  point  are  shortly  as  follows: — 
Referring  the  case  of  sound  issuing  from  a  tube  to  the  case 
of  continuous  flow  instead  of  the  case  of  electricity,  when  the 
wave-length  becomes  great  with  respect  to  all  the  dimensions, 
we  get  a  case  which  we  can  study  experimentally. 

The  experimental  study  teaches  us  that  the  form  of  velo- 
city-potential derived  from  the  hypothesis  of  a  tendency  to 
uniform  spreading  does  not  represent  the  form  of  diver- 
gence for  outward  flow,  but  that  it  does  represent  the  fonn 
of  divergence  for  inward  flow. 
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We  then  showed  how  to  calculate  approximately  the  posi- 
tion of  centre  of  phase  for  the  case  of  uniform  spreading  from 
the  end  of  a  pipe  both  with  and  without  flange. 

We  then  showed  that  there  are  an  infinite  number  of  pos- 
sible forms  of  divergence,  which  can  satisfy  the  known  nu- 
merical conditions  on  the  assumption  of  a  suitable  law  of 
divergence  of  reflected  elements,  and  came  to  the  conclusion 
that  the  reflected  energy-elements  diverge  within  the  issuing 
cone  nearly  according  to  the  numerical  law  which  would  hold 
if  they  were  reflected  as  if  issuing  from  an  image  of  the  source. 
We  see  that  the  real  explanation  cannot  involve  any  such 
reflexion  ;  and  we  get  a  sort  of  idea  of  the  direction  in  which 
the  explanation  lies. 

[To  be  continued.] 


Erratum  in  Note  5  (p.  30,  July). 
The  variable  terms  in  the  density  for  (i)  and  (ii)  should  read, 

^.N  DC  kr       T ,  ,       ^ 

(i)     —  — - —  co^k{yt  —  r), 
r*    V 

(ii)     -  ^^cos kCvt+r). 
(The  r^  in  the  denominators  was  omitted  in  copying.) 

XVIII.    On  a  Generalization  of  Taylor's  Theorem. 
By  J.  J.  Sylvester*. 

CONNECTED  with  the  study  of  the  Theory  of  the  sym- 
metrical functions  of  the  differences  of  the  roots  of  an 
Algebraical  Equation,  a  theorem  presents  itself  in  Dr.  Salmon's 
'  Ijessons  on  Higher  Algebra,'  3rd  edition,  p.  59,  art.  63,  only 
partially  indicated  and  insuihciently  demonstrated  there,  which 
on  a  closer  inspection  will  be  found  to  be  well  deserving  of 
notice  as  containing  a  true  generalization  of  Taylor's  theorem, 
leading  to  a  development  of  the  same  form,  subject  to  a  like 
law  of  convergence,  and  easily  demonstrable  by  the  same 
method  as  that  theorem. 

Let  /  be  any  function  lohatever  of  a,  b,  c,.. .  ,  and  fi  the 
same  function  of  %,  bi,  Ci, . . . ,  where 

ai  =  a,     bi  =  b  +  ah,     Ci  =  c  +  2bh  +  ah''f 
d^=:d  +  dch  +  Sbh''  +  ah\... 
and  let  ft  represent  the  operator 

*  Communicated  by  the  Author. 
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then  the  theorem  in  question  affirms  that 

On  making  a  =  l,  6  =  ar,  c  =  0,  o?  =  () . . .  ,  the  theorem  becomes 
Taylor's.     To  prove  it  in  its  general  form,  let 

n—\ 
(f)x  —  ax^  +  nhx^" '  +  n  —^—  cx"~^  +  • .  •  ; 

then,  on  substituting  a-  +  h  for  x,  (jjx  becomes 

=  a^.i"  +  7i6iA'"~ '  4-  n  — ^ —  Ci  A'""^  +  . . .  . 

Let  h  become  li  +  SA,  then  obviously 

But  we  may  obtain  the  new  values  of  ai,  Z>i,  Ci, correspond- 
ing to  the  change  of  h  into  li  +  8A,  by  substituting  in  ^u;  first 
X  +  8/t  and  then  x  +  A  for  x. 

The  effect  of  the  first  substitution  is  to  change  a,  b,  c,. .. 
into  a  +  8a,  b-{-Bb,  c  +  8c, . . . ,  where 

Sa  =  0,     86  =  a8h,     Sc  =  2?38A,     Bd  =  3t'8A, .... 

Hence  the  increment 

consequently 

Hence,  if  we  write 

/i=/+BA  +  CA''+DA'  +  ..., 

we  shall  have 

B  +  2CA  +  3DA2-I-... 

=  n/+r2BA  +  2nCA2+  .... 
Hence 

B=n./,  c=i(".)y,  i>=2^(^.F-..; 

*  Or  without  introducing  c[)X,  the  equations  between  a^,  6„  c, . . ,  and 
a,b,c,...  show  by  direct  inspection  that  the  effect  upon  the  former  is  the 
same,  whether  we  augment  h  by  dh  or  b,  c,  d . . .  respectively  and  simulta- 

d 
neously  by  a8h,  2l8h,  3c8h, ...  so  that  'jr/i  =  Q/„  as  in  the  text. 
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and  consequently 

/,=/4-n./+(n.)Vi^^+(n.)Vj^ +  ...,* 

and  the  first  part  of  the  theorem  is  demonstrated.  It  will  of 
course  '  be  understood  that  (O  .  )'  means  not  (11')  . ,  but 
n  .  n  .  n  .  (to  ?■  factors). 

Lagrange's  or  any  other  rule  for  the  Remainder  in  the  old 
Taylor's  theorem  may  be  extended  to  this  generalization  of  it ; 
that  is  to  say,  if  in  the  development  of  /i  we  stop  at  the  nth 
term,  the  remainder  will  be  equal  to 
A" 


n 


(n.)vi«,^,r...), 


where  a,  ^,  7  . . .  are  what  ai,  b^,  ^i . . .  become  when  we  write 
6h  for  li,  6  being  some  proper  positive  fraction.  The  demon- 
stration proceeds  pari  passu  for  the  generalized  form  and  for 
Taylor's  case  of  it.  Thus,  consider  Berti-and's  proof  as  given 
in  Williamson's  '  Calculus,'  second  edition,  p.  64. 

The  lemma  upon  which  the  proof  depends  takes  the  form, 
that  if /i  (supposed  continuous  between  two  values  of  A)  has 
the  same  value  (zero,  as  it  happens  in  the  matter  in  hand)  for 
two  values  of  A,  11/ must  vanish  for  some  intermediate  value 
of  A ;  which  is  obviously  true,  since  8f=QJ'8h.  The  rest  of 
the  demonstration  remains  essentially  the  same,  mutatis  mu- 
tandis, at  each  point  as  for  Taylor's  theorem  properly  so  called. 

The  theorem  above  established  easily  admits  of  extension  to 
the  case  of  %, 6,,  Cj . . .  being  the  values  assumed  hj  a,  h,c. . .  , 
when  in  the  quantic  (a,  h,  c . . ,  ^x,  y,  ^)"  we  substitute 
x-\-]iy-!i-l:z  +  . . .  for  X.  We  may  thus  obtain  a  theorem 
Avhich  will  bear  to  Taylof's  theorem  for  any  number  of  vari- 
ables the  same  relation  as  the  theorem  given  in  the  text  to 
Taylor's  theorem  for  a  single  variable. 

Since  the  effect  of  changing  x  into  x  +  A  +  SA  may  be  ob- 
tained either  by  first  substituting  x  +  A  for  x  and  then  x  +  hh 
for  X  in  ^.r,  or  by  a  reversal  of  the  order  of  these  two  pro- 
cesses, we  obtain  the  interesting  consequence  that  the  two 
operators 

db  do  d.d 

and 

^^     ■  07  .  ^^    ,  Q        ^^'      . 
ai  -77-  +  zlji", — h  6ci  -j—r  + . . . 
dbi  dci  d.di 

*  ConsequeiiUy,  if  Qf  vanishes,  since  also  (Q  .)'/"will  also  vanish  for  all 
values  of  /,  we  shall  have  fi  =  f.  It  is  this  fact  of  (fi/'=0)  being  the 
complete  solution  of  (/,  =/;  which  constitutes  the  importance  of  the 
theorem  in  the  Calculus  of  Invariants, 
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fere  absolutely  identical, — a  theorem  which  of  course  admits, 
but  not  without  a  somewhat  complicated  process,  of  an  a  pos- 
teriori direct  proof;  so  that  the  operator  XI  is  to  all  intents 
and  purposes  what  Professor  Cay  ley  calls  a  semi-invariant 
or  pene-invariant,  but  to  which  I  am  accustomed  to  give  the 
name  of  a  differentiant  to  (px. 

Finally,  it  may  be  observed  that  a  development  for/^  rriay 
be  obtained  by  the  use  of  the  ortlinary  Taylor's  theorem  for 
several  variables.  If  we  make  use  of  this  method,  and  write 
in  addition  to 

fi  =  a  37  +  25  -J-  +36*  -j—j  + . . . ,  ■ 

do  dc  d.d 

n,=«f  +36^, +6^+..., 

dc  d  .d        d  .e 


^^  =  a-r—-,  +Ab-r—  +10-7—^+. 


r-, +46-7— +10;t-. 
d.d  d  .e  d  .J 

&c.  = 


we  shall  obtain  the  noteworthy  symbolical  and  absolute  iden- 
tity 

which  may  be  verified,  but  not  without  some  little  trouble,  by 
direct  expansion. 

If  we  use  n  !  to  signify  that  11  is  to  be  used  as  a  pure  ope- 
rator on  the  matter  coming  after  it  (operating  that  is  to  say 

*  If  we  write 

A=(-0. +fl)A+i2,;r+Q^A''+..., 

we  ou^ht  to  have  f^  —  1  =  0,  aud  the  coeiRcients  in  the  expansion  of  e^^  —  1 
according  to  ascending  powers  of  h  ought  all  to  vanish  identically ;  and  so 
they  will  be  found  to  do,  provided  that  in  each  such  coefficient  "expressed 
as  the  sum  of  the  product  of  powers  of  I2(„  fi,,  12^,...  and  of  i2 .  the 
power  of  the  dotted  O  be  talcen  last  in  order.  As  soon  as  that  expansion 
IS  made  (but  of  course  not  before)  we  may  write  12  .  — i2  =  0,  and  we  may 
readily  calculate  a  priori  the  value  of  each  power  of  (O  .  — Q)  ;  thus  we 
shall  obtain 

(Q.  -Q)2  =  Q.2— 2flQ.  +  122  =  Q.2_2i22^Qi  =  2Q, ; 

and  80  by  a  similar  calculation,  having  first  determined  n  .-,  fl  .\  Q.  Z, 
&c.,  we  shall  obtain 

(Q.-I2f=6a„      (Q.-Q)^  =  24fl,,  +  12Q,^&c.; 
on  substituting  these  values  in  ^+]— 2  '*'  12   3  +  '  * '  *^^  coefficients- ot 

the  several  powers  of  h  will  be  found  to  vanish. 

The  appearance  in  the  above  process  of  a  zero  whose  powers  are  not 
zero  is  a  phenomenon  which  will  not  shock  those  who  are  acquainted  with 
Professor  Peirce's  discussions  of  possible  algebras  ;  but  it  is  new  to  find  it 
occur  in  working  out  a  symbolical  identity. 
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solely  on  the  symbols  of  quantity  a,  b,  c, . . .  and  not  on  the 

operators  -7-j  -rr^  -y- . . .),  we  shall  have 

(am)    „  _ (n ! II ! n) 

and  so  on.  Hence  the  "  noteworthy  "  symbolical  equation 
above  written  may  be  put  under  the  hypersymbolical  form 

a  suggestive  identity  that  may  possibly  call  forth  a  sneer  from 
the  mathematical  cynic,  but  not  from  the  thoughtful  mathe- 
matician, who,  aware  that  algebra  is  in  its  essence  a  lan- 
guage which  it  is  the  proper  business  of  his  art  to  fathom  and 
develop,  is  prompt  to  recognize  every  step  in  expression  as  a 
gain  in  power. 

The  theorem  f^  =  e*Q«  /  having,  as  far  as  I  am  aware,  been 
first  given  by  Dr.  Salmon  in  a  form,  if  not  quite  complete,  still 
sufficient  for  the  immediate  purpose  to  which  it  was  to  be  ap- 
plied, ought,  I  think,  in  justice  to  bear  his  name ;  and  I  see  no 
reason  why  Salmon's  Theorem  in  its  totality  should  not  be 
expected  in  the  future  to  bear  new  fruit  in  algebraical  expan- 
sions and  other  uses  as  important  as  have  flowed  from  the  one 
familiar  and  simplest  case  of  it,  known  as  Taylor's  Theorem. 
Thus,  ex.  gr.,  for  the  special  case  where /i  becomes  a  function 
of  one  only  of  the  quantities  b^,  Ci,...  the  Salmonian  theorem 
reproduces  Arbogast's  celebrated  one  for  expanding  a  rational 
integral  function  by  the  method  of  derivations,  but  under  a 
greatly  improved  form  of  notation,  and  with  the  advantage  of 
a  test  of  convergency  supplied  by  the  limit  to  the  remainder 
given  in  the  text  above.  Who  on  a  first  casual  reading  could 
have  imagined  that  Arbogast's  problem  in  the  difierential  cal- 
culus was  virtually  solved  in  an  improved  form  in  an  article 
treating  "  on  the  symmetrical  functions  of  the  differences  of 
the  roots  of  an  equation"?  "  Que  diable  allait-il  faire  dans 
cette  galere  la ! "  may  rise  to  the  lips  of  many  a  reader  on  being 
made  acquainted  with  the  fact*. 

Johns  Hopkins  University,  Baltimore, 
May  29,  1877. 

•  Using  Q  to  denote  any  rational  integral  function  of  x,  Salmon's 

clQ   fPQ, 
theorem  is  a  theorem  for  expanding  any  function  of  Q,  ^>  dx^>-'  •  ^° 

terms  of  ascending  powers  of  x. 
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January  18,  1877. — Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the 

Chair. 

'T^HE  following  paper  was  read  : — 

*-     '*  Residual  Charge  of  the  Leydon  Jar. — II.  Dielectric  Proper- 
ties of  various  Glasses."     By  J.  Ilopkinson,  M.A.,  D.Sc. 

I.  The  two  following  propositions  are  included  under  the  law 
that  the  effects  of  simultaneous  electromotive  forces  are  super- 
posable. 

(a)  If  two  jars  be  made  of  the  same  glass  but  of  different  thick- 
nesses, if  they  be  charged  to  the  same  potential  for  equal  times, 
discharged  for  equal  times,  and  then  insulated,  the  residual  charge 
will  after  equal  times  have  the  same  potential  in  each. 

(h)  Residual  charge  is  proportional  to  exciting  charge. 

These  propositions  are  verified  experimentally  within  the  limits 
of  errors  of  observation. 

II.  Electric  displacement  through  a  dielectric  may  be  supposed 
to  depend  not  only  on  the  electromotive  force  at  the  instant,  but 
also  in  part  on  the  electromotive  forces  at  all  previous  times. 
Jf  we  assume  that  the  effect  of  the  electromotive  force  at  any 
previous  time  decreases  according  to  some  law  as  the  time  elapsed 
increases,  and  that  these  effects  are  superposable,  we  may  write 

f» 


'4 


where  .r,  is  the  electromotiA^e  force  at  time  t,  and  i/,  is  the  surface 
integral  of  electric  displacement  divided  by  the  instantaneous  capa- 
city of  the  jar. 

If  ■^  (o))  is  determined  for  all  values  of  w,  the  properties  of  the 
glass  as  regards  conduction  and  residual  charge  are  completely  ex- 
pressed. 

^  (  00  )  is  equal  to  the  reciprocal  of  the  specific  resistance  of 
the  material  multiplied  by  4w  and  divided  by  the  specific  induc- 
tive capacity.     During  insulation  y^  is  constant ;  hence 


.r,  =  A  — i     xt-, 
J" 


,\P(ij)du 


This  is  the  fundamental  equation  of  the  following  experiments. 
Two  methods  of  finding  values  of  -^  (w)  present  themselves. 
1st,  Let  X,  be  constant  =  X  for  a  time  T  ;  insulate  for  time  t. 

J^'t  +  T 


§=-X^(.  +  T)-|    — ^V'.c/.. 


rd,v,. 

Jo      dt 
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If  t  be  small, 

|1.=  _X+(T), 

and  the  value  of    — -'  may  be  observed  with  more  or  less  accuracy. 
2nd.  Let  x^  be  constant  =  X  for  a  very  long  time  T  previous  to 
time  i=0  ;  discharge  and  at  time  t  insulate  and  observe  -^'. 

PT+t 

a?<=A — Xl       \p[(i})do) ; 

i|'=x{+(0-B}. 

There  are  also  methods  of  verification.  For  example,  charge 
during  time  T',  reverse  the  charge  for  time  T"  and  discharge ;  then 

after  time  t  insulate  and  observe  — ^  ;  we  shall  find 

dt 

^^=  X  |>/,(0-2V'(T"+ 0  +  V'(T"+ T'+ 0} . 

III.  Experiments  were  tried  on  ten  glasses.  The  verifications 
were  perhaps  as  close  as  could  be  expected,  considering  that  no 
attempt  was  made  to  observe  at  a  constant  temperature.  The 
glasses  were  : — 

No.  1.  A  soda-lime  glass  containing  much  soda. 

Ko.  2.  A  soda-lime  glass  coloured  deep  blue  with  oxide  of  cobalt. 

No.  3.  AVindow-glass. 

No.  4.  Optical  hard  crown. 

No.  5.  Soft  crown. 

No.  6.  A  very  light  flint  glass. 

No.  7.  Light  flint. 

No.  8.  Dense  flint. 

No.  9.  Extra-dense  flint. 

No.  10.  Opal  glass. 

Glasses  1,  2,  and  3  agree  in  possessing  high  conductivity  and 
also  large  values  of  ^l^t—B;  whilst  7,  8,  9,  10  have  a  high  resis- 
tance (thousands  of  times  as  great  as  1,  2,  or  3)  and  small  residual 
charge. 

IV.  Electrolytic  conduction  may  occur  through  the  soda-lime 
glasses  at  the  ordinary  temperature  of  the  air. 

Summary . — The  experiments  appear  to  verify  the  fundamental 
hypothesis,  viz.  that  the  effects  on  a  dielectric  of  past  and  pre- 
sent electromotive  forces  are  superposable.  Ohm's  law  asserts 
the  principle  of  superposition  in  bodies  in  which  conduction  is 
not  complicated  by  residual  charge.  Conduction  and  residual 
charge  may  be  treated  as  parts  of  the  same  phenomenon — an  after 
effect,  as  regards  electric  displacement,  of  electromotive  force. 
The  experiments  appear  to  show  that  the  principle  of  Ohm's  law 
is  true  of  the  whole  phenomenon  of  conduction  thi'ough  glass. 
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March  8. — Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read  : — 

"  On  Magneto-electric  Induction  in  Liquids  and  Gases. — Part  I. 
Production  of  Induced  Currents  in  Electrolytes."  By  J.  A.  Fleming, 
B.Sc.  (Lond.). 

This  paper  contains  an  account  o£  an  experimental  inquiry 
into  the  production  of  induced  currents  in  liquids  by  magneto- 
electric  induction.  Taraday  examined  one  such  case  of  induction, 
in  vvhich  a  conducting  liquid  was  used  as  a  secondary  circuit.  He 
coiled  round  the  armature  of  an  electromagnet  an  india-rubber  tube 
tilled  with  dilute  sulphuric  acid,  and  found,  on  making  and  breaking 
the  primary  circuit,  the  induced  currents  generated  in  it,  as  in  the 
case  of  metallic  conductors  ;  but  he  could  not  obtain  any  effect 
when  brine,  sulphuric  acid,  or  other  solutions  were  rotated  in 
basins  over  a  magnet,  or  enclosed  in  tubes  and  passed  between  the 
poles.  He  failed  also  to  detect  any  magneto-electric  current  in 
water  flov^ing  across  the  earth's  lines  of  magnetic  force  (viz.  in 
the  ri\er  Thames). 

Since  the  reason  for  these  negative  results  is  not  at  once  obvious, 
it  seemed  desirable  to  repeat  and  extend  them  to  other  cases,  so 
that,  if  possible,  the  analogy  of  electrolytic  \\'\t\\  solid  conductors 
might,  in  respect  to  magneto-electric  induction,  be  completed.  In 
addition,  the  subject  involves  the  interesting  question  of  the 
magneto-electric  phenomena  accompanying  the  flow  of  ocean- 
currents  and  other  large  masses  of  water. 

Three  cases  of  induction  in  Liquids  flowing  in  a  magnetic  field 
or  traversed  by  lines  of  magnetic  force  have  been  examined. 

1.  Production  of  indaced  current  in  a  liquid  strewn  Jiou'inf/  uni" 
formhj  in  a  constant  macpietic  field, — When  a  stream  of  conducting 
fluid  flows  vertically  down  between  the  poles  of  a  magnet  a 
transverse  cuiTeni  is  produced  in  a  direction  at  right  angles  to  the 
lines  of  force  and  line  of  flow.  This  was  obtained  in  the  follow- 
ing way  : — A  glass  tube,  about  200  centims.  long  and  2  centims. 
wide,  had  platinum  plates  15  millims.  wide  placed  along  its  inside 
and  at  opposite  sides,  with  their  lengths  pai'allel  to  the  axis  of  the 
tube.  Platinum  wires  welded  to  these  plates  were  sealed  through 
the  glass.  The  plates  were  curved  to  lie  closely  against  the  sides 
of  the  tube.  This  tube  was  placed  vertically  between  the  poles  of 
a  large  electromagnet,  the  line  joining  the  platinum  plates  being 
at  right  angles  to  the  line  of  the  poles. 

To  the  upper  end  of  the  tube  was  attached  another,  leading  to  a 
reservoir  of  dilute  sulphuric  acid  placed  high  above  the  floor ;  to 
the  lower  end  a  tube  leading  to  a  receptacle  on  the  floor.  The 
platinum  plates  were  then  connected  with  a  distant  galvanometer. 
When  the  magnet  was  not  excited,  no  flowing  of  the  liquid  had 
any  effect  on  the  galvanometer ;  but  when  it  was  excited,  at  the 
moment  the  flow  began  the  galvanometer  showed  a  deflection  of 
10°  to  15°.  Since  the  only  part  of  the  galvanometer  circuit  in 
motion  is  the  liquid,  this  deflection  was  due  to  the  magneto -electric 
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current  generated  in  it  by  its  movement.  It  was  noticed  that  the 
plates  were  polarized  by  the  currents  so  created.  As  a  consequence 
of  this,  the  deflection  of  the  needle  soon  fell  to  zero  ;  and  on  the 
liquid  flow  being  stopped,  a  polarization  current  in  the  opposite 
direction  was  obtained.  This  proved  that  in  experiments  on  induc- 
tion in  liquids,  in  order  to  obtain  any  constant  current,  non-polar- 
izable  electrodes  must  be  used. 

2.  Production  of  induced  current  in  a  mass  of  liquid  rotating  over 
a  magnetic  pole. — In  this  case  radial  currents  should  be  produced. 
They  were  obtained  as  follows  : — Flat  porous  cells  were  placed 
round  the  circumference  of  a  large  basin,  and  in  the  centre  a  cylin- 
drical one.  These  were  filled  with  a  solution  of  cupric  sulphate, 
and  contained  copper  plates.  The  basin  was  filled  with  dilute  sul- 
phuric acid.  The  centre  copper  plate  was  connected  with  one 
pole  of  the  galvanometer,  and  the  circumferential  ones  with  the 
other.  The  whole  was  placed  over  the  pole  of  the  electromagnet. 
On  exciting  the  magnet  and  rotating  the  dilute  acid,  a  constant 
current  was  obtained,  flowing  from  centre  to  circumference  or  the 
reverse  according  to  the  direction  of  rotation.  With  platinum 
electrodes  the  effect  cannot  be  obtained,  but  with  non-polarizable 
electrodes  it  is  easily  produced.  Mercury  was  likewise  tried  with 
still  better  results. 

3.  Production  of  induced  current  in  a  liquid  at  rest  in  a  variable 
magnetic  field. — If  a  flexible  tube  filled  with  conducting  liquid  is 
wound  round  an  electromagnet,  and  into  the  ends  electrodes  placed 
so  as  to  include  a  galvanometer  in  the  circuit,  then  induced  currents 
are  obtained  whenever  the  strength  of  the  magnet  varies.  This  is 
the  case  examined  by  Faraday.  His  experiment  was  repeated 
by  MM.  Logemau  and  Van  Breda  (Phil.  Mag.  [IV.]  vol.  viii.  p.  465), 
who  noticed  that  the  electrodes  were  left  polarized  after  the  induced 
current  had  passed.  These  experiments  were  repeated  with  more 
powerful  apparatus,  using  a  soft-iron  wire  core  within  the  inducing 
helix  instead  of  solid  iron,  and  employing  a  condenser  in  the 
primary  circuit.  Very  strong  induced  currents  were  obtained,  and 
correspondingly  great  polarization  of  the  electrodes  placed  in  the 
ends  of  the  coil  of  acid.  It  was  hoped  that  the  currents  might 
produce  visible  inductive  electrolysis ;  but  even  this  improved 
arrangement  did  not  yield  that  result.  Other  saline  solutions 
were  tried  with  similar  results. 

Lastly,  the  phenomenon  observed  by  Arago,  of  the  retardation 
in  the  vibrations  of  a  magnetic  needle  oscillated  near  the  surface 
of  liquids,  is  examined.  Evidence  is  brought  forward  to  show  that 
this  is  not,  as  in  the  case  of  solid  plates,  due  to  induced  currents 
created  in  the  liquid : — (1)  because  the  retardation  is,  cceteris parihiia, 
not  proportional  to  the  conductivity  of  the  liquid  but  dependent 
on  its  volatility ;  (2)  because  it  takes  place  equally  when  a  Ught 
brass  needle,  oscillated  by  torsion,  is  substituted  for  the  magnet, 
provided  the  needle  is  light  and  the  period  of  oscillation  not  very 
small.  Thus  a  magnetic  needle  which  required  4  min.  20  sec. 
to  suffer  a  decrement  of  25°  in  the  semi-arc  of  vibration  when  iu 
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air,  required  over  dilute  sulphuric  acid  3  inin.  30  sec,  over  ether  2 
min.  25  sec.  A  brass  needle  of  the  same  dimensions  exhibited 
similar  effects. 

In  conclusion  the  magneto-electric  induction  taking  place  in 
moving  masses  of  water  on  the  earth's  surface  under  the  influence 
of  terrestrial  magnetism  is  briefly  discussed. 

Before  the  introduction  of  the  absolute  system  of  electro- 
magnetic measure,  there  was  no  moans  of  estimating  the  electro- 
motive force  so  brought  into  play  by  the  flow  of  a  river  or  ocean- 
stream,  and  the  magnitude  of  the  effect  was  perhaps  over- 
estimated. 

A  Table  is  given,  showing  the  electromotive  force  in  volts  pro- 
duced in  two  or  three  cases  : — 

Difference  of  potential  be- 
tween two  sides  in  volts. 

Gulf-stream  at  lat.  30°  N.,  long.  60°  W 8-6 

Equatorial  current,  lat.  10°  N.,  long.  40°  W.    . .      10-0 

Dover  and  Calais  tidal  current 3-0 

Thames  at  Waterloo  Bridge '016 

This  electromotive  force  without  doubt  generates  a  current  trans- 
verse to  the  direction  of  the  flow ;  but  since  the  surrounding  still 
water  or  the  river-bed  or  channel  is  not  a  non-conductor,  any 
attempt  practically  to  detect  it  by  plates  placed  on  either  side  of 
the  stream  is  not  likely  to  succeed,  since  the  current  through  the 
galvanometer  is  only  a  derived  portion  of  the  current  in  the 
stream. 

A  comparison  of  a  chart  of  ocean-currents  with  one  of  the 
isogonic  lines  does  not  seem  to  show  any  distortion  of  the  lines  of 
equal  variation  where  they  cut  across.  If,  now,  electric  currents 
of  any  great  magnitude  were  generated  in  ocean-currents,  such 
would  undoubtedly  be  the  case.  Though  Faraday's  failure  to  detect 
any  magneto-electric  current  in  the  Thames  may  have  been  partly 
due  to  his  employment  of  polarizable  electrodes,  still  there  is  evi- 
dence enough  to  show  that  these  currents,  though  certainly  ex- 
isting and  capable  of  being  produced  on  a  lalwratory  scale,  cannot 
be  regarded  as  contributing  in  any  sensible  degree  towards  affecting 
the  form  and  distribution  of  the  isogonic  lines.  Those  who  have 
looked  to  this  as  a  possible  partial  cause  of  the  irregularity  observed 
have  been  led,  no  doubt,  by  the  dimensions  of  the  streams  to  ex- 
aggerate the  magneto-electric  induction  caused  by  their  flow. 

March  15. — Dr.  .7.  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read : — 

"  On  the  Density  of  Holid  Mercury."  By  Prof.  J.  W.  Mallet, 
University  of  Virginia. 

I  have  lately  talten  advantage  of  a  heavy  fall  of  very  cold  and 
finely  pulverulent  snow,  well  adapted  to  the  preparation  of  freezing- 
mixtures,  to  redetermine  (with  accuracy,  I  believe)  the  density  of 
.  mercury  in  the  solid  state  and  at  a  definite  temperature. 

Phil  Mag.  S.  5.  Vol.  4.  No.  23.  Aug.  1877.  L 
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Such  redetennmation  was  not  superfluous,  as  appeared  from  a 
collation  of  the  statements  to  be  found  in  various  standard  works. 
In  the  tables  of  specific  gravities  compiled  by  Prof.  F.  W.  Clarke, 
and  published  by  the  iSmithsonian  Institution*,  there  are  four 
authorities  quoted,  with  the  numbers  given  by  these,  as  follows : — 

Sp.  gr.  of  solid  mercury. 

Schulze    14-391 

Biddle 14-4S5t  at  —60°  C. 

Kupffer  and  Cavallo 14  (approx.) 

Joule    15-19 

The  last  of  these  numbers,  on  reference  to  the  original  paper +, 
turns  out  to  represent  no  actual  experiment  with  mercury  itself, 
but  is  the  density  calculated  for  this  metal  from  the  examination 
of  a  number  of  amalgams.  Kupffer  and  Cavallo  do  not  profess  to 
give  the  exact  density,  but  merely  state  it  as  about  14,  the  number 
apparently  resting  on  no  special  experiment,  though  I  have  not 
been  able  to  verify  this  by  reference  to  their  paper  §.  The  only 
other  apparently  independent  statement  I  have  met  with  occurs  in 
the  '  Annuaii-e  du  Bureau  des  Longitudes  '  for  187G  (p.  385),  where 
the  density  14-39  is  given  on  the  authority  of  Eivot ;  but  I  have  not 
been  able  to  find  any  reference  to  a  paper  by  him  bearing  on  this 
or  any  analogous  point,  and  it  seems  probable  that  we  have  here 
only  a  reproduction  of  Schulze's  result.  In  different  handbooks  of 
chemistry  and  physics  numbers  between  14  and  15  are  given  as 
approximations,  but  with  no  other  authority  than  some  of  the  above. 
Some  of  the  best  and  most  recent  works  simply  state  that  mercury 
undergoes  considerable  contraction  in  freezing.  Hence  our  know- 
ledge on  this  subject  appears  hitherto  to  have  rested  on  the  experi- 
ments of  Schulze  and  Biddle,  both  of  which  date  back  to  the 
early  years  of  the  present  century.  Schulze's  paper  was  published 
in  '  Gehlen's  Journal,'  vol.  iv.  p.  434,  and  therefore  about  1807  or 
1808;  and  Biddle's||  belongs  to  the  year  1805.  I  haA'e  had  access 
to  neither;  but  the  character  of  the  instrumental  means  (balances, 
thermometers,  &c.)  generally  available  at  the  time  the  experiments 
were  made,  and  the  then  imperfect  knowledge  of  the  constants 
needed  for  corrections  to  be  applied,  make  it  unlikely  that  very 
exact  results  could  have  been  obtained.  Biddle  alone  seems  to  have 
noted  the  temperature  of  the  frozen  mercury,  and  Branded  ex- 
presses doubt  that  this  was  determined  with  much  accuracy.  The 
temperature  -60°  C,  if  correctly  quoted,  is  in  itself  somewhat 
improbable. 

*  "  The  Constants  of  Nature.— Part  I."  Smithsonian  Miscell.  Coll.  255, 
Washington,  1873,  p.  24. 

t  14-465  as  quoted  by  Brando  in  liis  '  Manual  of  Chemistry.' 

\  Chem.  Soc.  Journ.  [2]  i.  p.  387. 

§  Quoted  at  second  hand  from  Playfair  and  Joule,  "  On  Atomic  Volume  and 
Specific  Gravity,"  Chem.  Soc.  Mem.  2  (1845),  p.  401,  and  3  (1848),  p.  57. 

II  Nicholson's  Journal,  vol.  x.  p,  253,  and  Tiiloch's  Philos.  Mag.  vol.  xxx. 
p.  137. 

^  Manual  of  Chemistry,  vol.  i.  p.  970. 
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The  method  adopted  in  the  experiments  lately  made  in  thig 
laboratory  was  the  foil o win jj; : — 

(1)  A  specific-gravity  flask  was  prepared  from  a  largo  cylindrical 
pipette,  by  closing  in,  and  smoothly  rounding,  in  the  flame  of  the 
lamp  one  end  of  the  cylinder,  while  the  tube  remaining  attached 
to  the  other  end  was  cut  short  and  united  by  fusion  to  a  second 
pipette  of  like  shape  but  smaller  size,  the  upper  and  open  end  of 
the  shortened  tube  of  which  was  fitted  with  a  small  carefully 
ground  glass  stopper.  The  neck  between  i\w  larger  and  smaller 
cylinders  was  drawn  down  to  a  small  bore  (about  2  millims.),  and 
at  this  narrowed  part  a  fine  line  marked  round  it  with  a  diamond. 
The  shape  of  the  vessel  is  shown  in  the  annexed  sketch,  on  a  linear 
scale  of  one  half  the  real  size.  The  principal  cylinder  held  about 
58  cubic  centimetres,  and  the  small  reservoir  above  25  cub. 
centims.     The  whole  vessel  weighed  about  46  grammes. 


It  enabled  the  experiments  to  be  carried  out  wilh  more  than 
half  a  kilogramme  of  frozen  mercury. 

(2)  This  vessel  having  been  accurately  weighed  when  empty  and 
dry,  its  capacity  np  to  the  mark  was  ascertained  by  filling  it  to 
this  point  with  pure  water  at  exactly  4°  C,  keeping  it  iinmersed 
for  some  time  in  a  large  mass  of  water  at  this  temperature  before 
making  the  final  adjustment  to  the  mark,  wiping  the  outside  dry, 
allowing  the  whole  to  acquire  the  temperature  of  the  balance-case, 
and  carefully  weighing.  The  result  of  this  direct  calibration,  de- 
ducting the  weight  of  the  vessel,  was  59-7323  grammes  or  cubic 
centimetres  at  4°. 

(3)  It  w^as  checked  by  emptying  and  drying  the  vessel,  filling  it 
to  the  mark  with  pure  mercury  at  0''  C,  the  temperature  being 
secured  by  keeping  the  whole  surrounded  by  melting  ice  long 
enough  to  obtain  perfect  steadiness  of  position  of  the  mercury, 
and  weighing  after  the  temperature  of  the  balance-case  had  been 
regained.     The  mercury  weighed  Sll-UOOT  grammes. 

(4)  The  vessel  was  now  surrounded  by  steam,  and  the  mercury 
again  brought  to  the  mark,  the  temperature  actually  attained  being 
9U°-5  C.  (corrected  for  pressure).  Allowed  to  cool  down  to  the 
temperature  of  the  balance-case,  and  again  weighed,  the  mercury 
was  found  =799-7032  grammes.  From  the  last  two  weighings 
the  coefficient  of  cubical  expansion  for  1°  C.  of  the  glass  used  was, 
by  the  usual  formula  (taking  absolute  expansion  of  mercury  from  0° 
to  100  =  -018153,  as  determined  by  Eegnault),  found  =  -000027346. 

(5)  If  now  the  density  of  mercury  at  0°  as  referred  to  water  at 
4°  be  taken  at  13-596  (Kegnault),  the  weighing  obtained  in  (3) 
gives  the  capacity  of  the  vessel  up  to  the  mark  at  0°  =59-7234 

L2 
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cub.  centims.,  or,  applying  the  above  coefficient  of  expansion  of  glass, 

59*7300  cub.  centiins.  at  4°.      The  mean  of  this  value  and  that 

u.  •     J  •     /ox        59-7300 +  59-7323     ,^^„,,      , 
obtained  m  (2),  = ^ =  .59*7311  cub.  centime.,  was 

taken  to  represent  the  true  capacity  of  the  vessel  at  4°. 

(6)  The  freezing-mixtures  used  were  prepared  by  cooling  com- 
mercial hydrochloric  acid  (sp.  gr.  =1140)  in  the  snow  out  of 
doors,  the  temperature  of  which,  as  well  as  of  the  air,  was  on 
the  first  day  about  —9°  C,  but  on  subsequent  days  rose  to  about 
—  5°,  mixing  equal  weights  of  this  cooled  acid  and  of  snow,  using 

separate  portions  of  this  first  mixture  to  cool  more  acid  and  snow, 
and  finally  bringing  together  these  last. 

It  soon  appeared  that  little  advantage  was  gained  by  trying  to 
cool  the  snow,  on  account  of  its  very  low  conductiug-power  in  such 
a  loose  porous  condition ;  and  in  the  later  experiments  the  tempera- 
ture of  the  acid  alone  was  lowered  before  the  final  mixture  with 
snow.  The  glass  vessels  containing  the  mixtures  were  large  enough 
to  maintain  the  cold  required  for  a  long  time,  and  steadiness  of 
temperature  was  secured  by  surrounding  them  on  all  sides  with  a 
layer  of  cotton  wadding,  kept  in  place  by  stiff  brown  paper,  and 
by  conducting  all  the  operations  out  of  doors  in  the  unusually 
cold  atmosphere  prevailing  at  the  time. 

(7)  In  determining  the  temperature  of  the  freezing-mixtures  an 
alcohol  thermometer  was  used,  graduated  to  single  degrees,  and  ad- 
mitting of  half  a  degree  being  read ;  but  the  scale  being  found  by 
no  means  accurate,  its  absolute  readings  were  altogether  discarded. 
By  comparison  with  a  good  mercurial  thermometer  at  three  or  four 
points  between  — 10°  and  -f-40°  C,  and  calculation  from  Is.  Pierre's 
coefficients,  the  real  length  of  a  degree  on  the  part  of  the  stem 
corresponding  to  —40°  was  determined;  and  the  temperature 
of  fusion  of  the  mercury  being  accurately  noted  and  assumed 
=  — 38°-85  C,  as  determined  by  Balfour  Stewart*,  the  addition 
or  subtraction  of  four  or  five  degrees,  as  above  obtained,  gave  all 
the  other  temperatures  observed. 

(8)  The  above  weighings  and  all  others  to  be  mentioned  were 
made  with  an  excellent  balance  by  Becker,  carefully  adjusted  and 
tested  at  the  outset.  With  a  load  of  a  kilogramme  in  each  pan  a 
difference  of  weight  of  -^^  milligramme  can  be  detected,  and  ^ 
milligramme  may  be  fully  relied  upon.  All  weighings  were  reduced 
by  calculation  to  the  corresponding  results  in  vacuo,  the  temperature 
and  pressure  of  the  atmosphere  being  noted  on  each  occasion  ; 
and  the  results  quoted  are  those  thus  corrected. 

(9)  The  specific-gravity  flask  was  now  filled  with  alcohol  (at  one 
time  absolute,  but  which,  by  long  keeping  in  the  laboratory  and 
occasional  opening  of  the  bottle,  had  absorbed  some  moisture,  and 
was  really  about  95  or  96  per  cent.),  and  three  weighings  were 
obtained  after  the  liquid  had  been  carefully  adjusted  to  the  mark 
at  temperatures  close  to  the  freezing-point  of  mercury  t. 

*  With  an  air-thermometer  (Proe.  Roy.  Soc.  1863,  vol.  xii.  p.  674). 

t  The  alcohol,  as  afterwards  mercury,  was  brought  to  near  the  required 
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Applying  the  correction  for  capacity  of  vessel  at  the  respective 
temperatures,  the  three  I'esulLs  were : — 

cub.  centiuis.  grms. 

59-6625  of  alcohol  at  -37°  C.  =50-7010 
59-6600     „         „        -40°       =50-8316* 
59-6576     „         „        -42°-5    =50-9092 
or,  reducing  to  one  common  weight, 

cub.  ceiitiina.  grma. 

117-0752  of  alcohol  at  -37°  =100 
117-3679  „  „  -40°  =100 
117-1843     „         „        — 42°-5  =100 

(10)  Taking  the  difference  between  {a)  the  first  and  second,  {h) 
the  second  and  third,  and  (c)  the  first  and  third  of  these  numbers, 
and  dividing  each  difference  by  the  number  of  degrees  in  the 
interval  of  temperature,  we  get  as  the  change  of  volume  of  100 
grammes  of  alcohol  for  1°  C. : — 

cub.  centim. 

From  {a) -1024 

(6) -0734 

(c) -0893 

and  the  mean  of  these  (-0884)  may  be  taken  to  represent  the  co- 
efficient for  1°  C.  within  a  range  of  a  few  degrees  either  side  of  the 
freezing-point  of  mercury.  Using  this  coefficient  to  reduce  the 
three  weighings  to  their  corresponding  values  for  the  same  tempera- 
ture, say  —  39°  C,  we  have 

grins.  cub.  centims. 

100  of  the  alcohol  in  question  at  -39°  =117-4984 

„  ,,  „  „  „      =:117-4o63 

,,  ,,  „  „  ,,      =117-4J37 

the  mean  of  which  is  117-4828  cub.  centims. 

(11)  The  specific-gravity  flask  having  been  emptied  and  dried, 
558-9353  grammes  of  mercury  was  introduced,  the  metal  having  just 
previously  been  purified  by  careful  treatment  with  dilute  nitric  acid, 
washing  with  water,  and  quiet  distillation  from  a  glass  retort. 
Filling  up  with  the  same  alcohol  as  that  used  in  the  above  ex- 
periments, and  which  had  been  kept  in  a  well-stoppered  bottle,  the 
flask  was  gradually  cooled,  and  finally,  in  the  last  freezing-mixture, 
the  mercury  frozen,  and  the  alcohol  brought  exactly  to  the  mark, 
taking  care  that  it  became  and  remained  quite  stationary,  while 
during  the  freezing  of  the  mercury  the  change  of  volume  was  very 
rapid  and  easily  obserxable.  The  temperature  having  been  noted 
when  the  final  adjustment  \\  as  made,  the  little  flask  was  set  aside, 
stoppered,  until  it  could  be  washed  off  and  dried,  and  was  then 
allowed  to  acquire  the  temperature  of  the  balance-case,  and  weighed. 

temperature  before  introduction  into  the  final  freezing-mixture,  and  a  separate 
small  portion  in  a  tube  was  similarly  cooled,  to  be  used  in  filling  up  to  the 
mark  if  necessary.  The  stopper  w.is  carefully  inserted  as  soon  as  the  adjust- 
ment of  the  liquid  was  secured,  so  as  to  avoid  any  loss  by  evaporation. 

*  This  weighing  was  not  quite  so  satisfactory  as  the  remainder;  the  tempe- 
rature a  little  doubtful. 
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Three  such  experiments  gave,  aside  from  the  weight  of  the  flask 
itself, 

grms. 

A.  Mercury  +  alcohol  at  -39°  C.      =576-2029 

B.  „  „  „      -41°-5        =576-2522 

C.  „  „  „     -42°  =576-2639 
Deductiug  tlie  mercury,  the  quantity  of  which  remained  constant 

throughout,  it  appears  that  the  ilask  contained  of  alcohol : — 

grms. 

A.  at  -39°     17-2676 

B.  „  -41°-5 17-3169 

C.  „  -42°     17-32S6 

From  the  data  in  (10)  these  weights  represented  at  the  re- 
spective temperatures  the  following  volumes  : — 

cub.  centiius. 

A   20-2865 

B   ......   20-3061 

C    20-3122 

From  the  data  in  (4)  and  (5)  we  get  the  capacity  of  the  flask 
up  to  the  mark  at  the  same  temperatures  : — 

cub.  centims. 

At  -39°     59-6609 

„   -41°-5 69-6568 

„   -42°     59-6560 

Subtracting  the  volume  of  alcohol  in  each  case,  that  of  mercury 
was, 

cub.  centims. 

In  A   39-3744 

„  B    39-3507 

„  C    39-3438 

Hence  the  specific  gravity  as  obtained 

In  A   14-1954  at  -  39° 

„   B   14-2034  „   -  4l°-5 

„   C    14-2064  „   -  42° 

(12)  By  comparing  these  numbers  in  pairs,  we  have  as  the 
difference  apparently  due  to  a  difference  of  temperature  of  1°  C*  : — 

From  A  and  B    -0032 

„      B  and  C    -0060 

„      A  and  C    -0037 

of  which  the  mean  is  -0043. 

lieducing,  by  using  this  coefficient,  the  above  results  to  a  single 
temperature,  and  adopting  that  of  the  fusing-poiut  of  the  metal  as 
determined  by  Balfour  tStewart,  we  get 

From  A   14-1948  at  -38°-8o  C. 

„     B    14-1920     „ 

„     C    14-1929     „ 

*  Of  course  really  includiug  errors  in  dct^ruiinatioa  of  weights  and  tempe- 
ratures. 
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and,  as  a  final  mean  of  these  three,  14-1932  as  the  number  represent- 
incjthe  deasitij  of  solid  mercuri/  at  its  fasin(j-2>oint  as  referred  to  ivater 
at  4°  C.  taken  us  uniti/.  1  think  this  result  (which,  it  will  be  seen, 
differs  considerably  from  the  figures  hitherto  quoted)  may  be  fairly 
accepted  with  confidence. 

In  these  experiments  most  of  the  weighings  were  made  by 
Adjunct  Professor  Uuuniiigton,  and  the  freezing-mixtures  were 
managed,  at  no  small  cost  of  personal  discomfort,  by  Messrs.  Bryan 
and  Memminger,  students  in  this  Laboratory.  To  these  gentlemen 
my  thanks  are  due. 


GEOLOGICAL  SOCIETY. 

[Coutinued  from  p.  77.] 

June2Uth,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.Il.S.,  President, 

in  the  Chair. 

The  following  communications  were  read : — 

1.  ''  On  a  hitherto  unnoticed  circumstance  affecting  the  piling- 
up  of  Volcanic  Cones."     By  P.  Mallet,  Esq.,  F.P.S.,  E.G.S. 

After  some  remarks  upon  the  two  forms  of  volcanic  activity,  the 
earlier  system  of  "  fissure  eruption,"  and  the  present  one  of  "  erup- 
tion at  explosive  foci,"  which  he  did  not  think  could  be  carried 
back  much  beyond  the  Tertiary  epoch,  the  author  discussed  the 
ordinary  method  of  foruudion  of  a  volcanic  cone,  and  pointed  out 
that  the  effect  of  the  piling-up  of  material  mu«t  produce  a  pressure 
on  the  original  surface  connucnsurate  with  the  amount  of  material 
heaped  up  on  it,  and  therefore  increasing  gradually  from  the  cir- 
cumference nearly  to  the  centre  of  the  cone,  where  the  loftiest 
column  of  material  presses  upon  the  unit  of  space.  A\'hen  the  sup- 
porting rock  is  unyielding,  such  as  the  granite  which  bears  thePuys 
of  Anvergne,  it  will  probably  maintain  its  original  position ;  but 
when  it  is  of  a  more  yielding  nature,  as  in  the  case  of  the  ordinary 
stratified  rocks,  the  pressure  of  the  cone  will  produce  a  saucer- 
shaped  depression,  deepest  in  the  centre  where  the  greatest  pressure 
occurs ;  and  this  tendency  to  sink  will  be  aided  materially  by  the 
honeycombing  and  evisceration  of  the  subjacent  rock-masses  ex- 
posed to  the  action  of  the  volcano.  The  consequence  of  this  de- 
pression of  the  surface  supporting  the  cone  will  be  to  diminish 
the  original  slope  of  the  successive  superimposed  deposits,  and 
even  in  some  cases  cause  the  lowest  beds  to  slope  from  the  circum- 
ference towards  the  centre.  If  the  strata  upon  which  the  volcano 
stands  be  particularly  plastic,  its  pressure  may  cause  an  uprise  of 
the  strata  into  protuberances  round  the  foot  of  the  mountain. 
Similar  phenomena  may  occur  when  the  support  of  the  cone  ia 
formed  by  older  volcanic  deposits. 

2.  "  The  Steppes  of  Southern  llussia."  By  Thomas  Belt,  Esq., 
F.G.S. 

The  author  describes  sections  of  strata  in  the  south  of  llussia,  and 
traces  the  following  succession  of  events  : — ■ 
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1.  Deposition  of  marine  Miocene  l»eds  when  the  Vienna  basin  and 
the  Aralo-Caspian  area  were  joined  together,  and  had  free  com- 
munication with  the  MediteiTanean. 

2.  Interruption  of  the  communication  with  the  Mediterranean, 
and  deposition  of  the  Sarmatic  beds  in  a  closed  aea-basin. 

3.  Gradual  freshening  of  the  water  of  this  area  and  deposition  of 
the  Congerian  strata. 

4.  Lowering  of  the  water  of  the  Vienna  basin  and  Aralo-Cas- 
pian area  to  below  the  present  level  of  the  ocean,  and  great  denuda- 
tion of  the  preceding  strata.  The  author  thinks  that  the  drainage 
was  at  this  time  to  the  north. 

5.  Interruption  of  drainage  to  the  north  and  deposition  of  flu- 
viatile  beds,  with  freshwater  shells  of  existing  species  and  remains 
of  the  Mammoth  and  Irish  Elk. 

6.  Drainage  to  the  north  completely  stopped  and  formation  of 
a  great  lake,  over  which  floated  icebergs  with  northern  drift.  For- 
mation of  diluvial  clay  of  the  south  and  boulder  clays  of  the  north 
of  Hussia, 

7.  Lake  gradually  lowered  by  the  cutting  through  of  the  channel 
of  the  Bosphorus. 

The  author  considers  that  the  formation  of  the  great  lake  was 
due  to  the  ice  of  the  glacial  period  flowing  down  the  beds  of  the 
Atlantic  and  Pacific,  and  damming  back  the  drainage  of  the  con- 
tinents as  far  as  it  extended.  To  the  rising  of  these  waters  he 
ascribes  the  destruction  of  palaeolithic  man,  the  mammoth,  and  the 
woolly  rhinoceros,  which  he  considers  are  prediluvial.  This  lake 
was  once  suddenly  and  torrentially  discharged  through  the  breaking 
away  of  the  Atlantic  ice-dam,  causing  the  outspread  of  the  middle 
glacial  sands  and  gravels,  but  was  formed  again,  and  idtimately 
drained  by  the  cutting  through  of  the  channel  of  the  Bosphorus. 

He  also  offers  suggestions  to  account  for  the  preservation  of  the 
Aralo-Caspian  fauna  and  the  arrival  of  Arctic  animals  in  the  area. 

3.  "  The  Glacial  Period."     By  J.  P.  Campbell,  Esq.,  F.G.S. 

In  this  paper  the  author  gave  the  results  of  numerous  observa- 
tions extending  over  many  years,  and  made  in  many  different  parts 
of  the  world,  the  results  of  which  had  led  him  to  form  the  opinion 
that  no  geological  record  exists  of  any  abnormal  Glacial  periods 
colder  than  the  present  world's  climate.  But  if  the  term  "  Glacial 
period  "  be  used  with  a  limitation,  such  as  "  local,"  or  "  Alpine," 
or  "  European,"  he  saw  nothing  to  object  to.  Changes  in  the 
relations  between  the  surface  of  the  earth  and  the  undoubtedly 
permanently  glacial  portions  of  the  atmosphere,  principally  brought 
about  by  changes  of  level  in  the  former,  appeared  to  him  sufticient 
to  account  for  the  phenomena.  The  most  recent  so-called  Glacial 
periods  being  fixed  in  Postpliocene  times,  the  author  remarked 
that  Indian  glaciers  (lat.  27°-32°  IS".)  are  now  almost  as  large  as 
they  have  been  since  the  deposition  of  the  crumpled  Tertiary  deposits 
known  as  "  Nahuns "  and  "  Sivaliks."  A  similar  result  was  ob- 
tained from  observations  in  the  Caucasus  (lat.  40°  N.)  and  Rocky 
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Mountains  (lat.  36°-37''  N.).  In  Northern  Italy  (about  lat.  45°- 
46°  N.)  glaciers  were  a  great  deal  larger  in  Postplioceue  times  than 
at  present. 

4.  "  The  Action  of  Coast-ice  on  an  oscillating  area."  By  Prof. 
John  Milne,  F.G.S.,  of  the  Imperial  College  of  Engineering,  Tokio, 
Japan. 

In  this  paper  the  author  described  the  results  of  observations 
made  by  him  in  Newfoundland,  Labrador,  and  Finland,  which  had 
led  him  to  believe  that  many  of  the  marks  generally  regarded  aa 
furnishing  evidence  of  the  existence  of  an  ice-cap,  or  at  least  of  an 
enormous  extension  of  land-ice  at  certain  periods,  might  easily  be 
explained  by  the  action  of  coast-ice  upon  an  oscillating,  and  espe- 
cially a  rising  area. 


XX.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  SPECTKUM  OF  THE  ELECTRIC  SPARK  IN  A  COMPRESSED 
GAS.       BY  A.  CAZIN. 

TT  is  generally  admitted,  from  the  observations  of  Wiillner, 
-^  Eranklaud,  Lockyer,  and  Cailletet,  that  the  spectral  lines  of  au 
incandescent  gas  become  more  and  more  spread  as  the  pressure  is 
augmented,  and  under  a  sufUcient  pressure  unite  to  form  a  conti- 
nuous spectrum.  I  am  led  by  my  owm  observations  upon  air  and 
nitrogen  to  the  following  proposition: — "The  electric  spark  in  a 
gas  is  analogous  to  the  flame  of  an  ordinary  hydrocarbon."  In 
each  of  these  sources  of  light  there  are  gaseous  particles,  which 
produce  a  line  spectrum,  and  solid  or  liquid  particles,  which  pro- 
duce a  continuous  spectrum.  In  the  spark  the  latter  come  from 
the  electrodes,  and  from  the  sides  when  these  are  very  close. 
When  the  pressure  is  increased,  these  particles  become  more  abun- 
dant, their  continuous  spectrum  grows  brighter,  and  at  last  causes 
the  line  spectrum  of  the  gaseous  particles  to  disappear. 

It  is  in  the  fiery  trail  that  things  happen  thus  ;  the  paler  lumi- 
nous sheath  called  the  aureole  is  formed  of  gaseous  particles,  the 
line  spectrum  of  which  is  more  or  less  visible :  it  is  to  the  total 
spark  what  the  blue  base  of  the  flame  of  a  taper  is  to  the  entire 
flame. 

My  first  experiments  on  this  subject  are  of  the  month  of  May 
1876,  and  were  at  that  time  communicated  to  the  tSociete  Philo- 
matique.  I  observed  the  spectrum  by  means  of  an  ordinary  spec- 
troscope with  a  single,  very  dispersive  prism.  The  gas  was  com- 
pressed in  a  glass  tube  by  aid  of  a  sort  of  mercury  piezometer.  A 
platinum  wire  is  soldered  to  the  upper  end  of  the  tube;  a  second 
wire,  similar,  is  kept,  inside,  parallel  to  the  preceding  by  an  iron 
wire  fixed  to  the  bottom  of  the  tube  and  which  dips  in  the  mer- 
cury. A  large  Euhmkorff  coil  produces  the  spark  between  the 
platinum  wires  ;  and  its  image  is  thrown  by  a  lens  upon  the  sUt  of 
the  spectroscope. 
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At  the  ordinary  pressure,  in  nitrogen,  the  spark  is  pale  and 
ridged  with  little  strolves  oE  fire ;  in  the  spectroscope,  upon  the 
wires  are  seen  the  channellings  attributed  to  nitrogen,  and  in  the 
inter\als  between  these  the  princijial  lines  of  that  gas.  On  com- 
pressing, one  sees  the  channellings  gradually  fade,  while  the  lines 
grow  fainter  and  the  continuous  ground  of  the  spectrum  becomes 
brighter.  At  two  atmospheres  there  are  only  six  nitrogen-lines 
from  the  orange  to  the  blue,  and  five  diffuse  bands  beyond.  At  ten 
atmospheres  there  remain  only  two  nilrogen-lines,  \=567  and 
\'  =  500,  and  then  a  brilliant  line  in  the  violet  (X"  =  424),  which 
made  its  appearance  at  five  atmospheres,  and  which  from  my  last 
experiments  I  attribute  to  nitrogen.  The  sodium-line  is  very  dis- 
tinct, while  it  was  not  to  be  distinguished  at  the  ordinary  pressure, 
which  makes  evident  the  part  played  by  the  wall  of  the  tube. 
About  15  atmospheres  the  .spark  becomes  dazzling ;  upon  the  con- 
tinuous spectrum  the  four  preceding  lines  are  caught  sight  of,  and 
some  bright  points  which  are  due  to  platinum.  The  pressure  was 
carried  up  to  40  atmospheres  without  these  peculiarities  ceasing  to 
be  distinguished. 

When  the  gas  was  reduced  to  the  ordinary  pressure,  the  spectrum 
I'esumed  its  primitive  aspect,  but  the  sodium-line  persisted  upon 
the  negative  electrode ;  Avheu  the  current  was  reversed,  this  line 
instantaneously  passed  from  one  electrode  to  the  other,  as  if  a  so- 
dium-compound had  been  electrolyzed.  l\irther,  in  air  compressed 
above  30  atmospheres  the  spark  produced  intense  shining  vapours, 
and  the  spectroscope  showed  the  absorption  spectrum  of  hyponi- 
trous  acid.  It  was  a  very  fine  spectrum,  although  the  absorbing 
layer  was  less  than  3  miilims.  in  thickness. 

The  observation  of  the  above  phenomena  is  very  fatiguing ;  and 
it  is  impossible  to  seize  all  the  details,  to  reproduce  them  in  an  ac- 
curate drawing.  The  irradiation-effects  dim  the  sight ;  and  judg- 
ments upon  the  real  condition  of  the  spectrum  cannot  be  correct. 
Photography  permitted  these  inconveniences  to  be  avoided.  To  it 
1  had  recourse,  and  succeeded  in  obtaining  plates  sufficiently  deli- 
cate to  favour  precise  measurements  ;  and  at  the  same  time  I  found 
my  opinion,  on  the  state  of  the  electi'ic  spark  in  a  gas,  confirmed 
in  a  striking  manner. 

I  made  use  of  an  ordinary  spectroscope  with  only  one  flint-glass 
prism,  replacing  the  eyepiece  by  a  small  dark  chamber.  I  operated 
upon  either  wet  or  dry  collodion,  according  to  the  duration  of  the 
pose,  which  varied  from  fifteen  minutes  to  one  hour.  The  spectrum 
is  photographed  from  the  line  F  to  the  line  M ;  and  its  intensity 
between  the  lines  Gf  and  L  is  remarkable.  I  recognized  the  prin- 
cipal lines  by   photographing  side  by  side  on  the  same  plate  the 

solar  spectrum  and  that  of  the  spark,  taking  advantageof  Angstrom's 
Plates  completed  by  Maseart  and  Cornu  for  the  former. 

The  following,  for  example,  are  the  results  relative  to  the  part  of 
the  nitrogen-spectrum  comprised  between  Gr  and  H.  The  gas  is 
at  the  ordinary  pressure,  in  a  metal  cylinder  with  a  glass  plate ; 
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ami  the  spark,  coudeiiseJ  by  nine  jars,  springs  between  two  small 
knobs  of  pkitinuiii.  The  sides  liave  no  ett'ect,  because  ot"  their  dis- 
tance. Oidy  the  principallines  are  q  noted ;  the  plate  contains  7t). 
The  intensity  varies  from  1  to  (i. 


*A  =  434-8   5,  spread. 


4;J2-.> 
431-4 

429-9 

428-7 
427-4 


spread. 


423-8  0,  spread, 

422-U  4, 

420-7  3. 

419-1  3. 

417-5  4,  spread. 

416-2  4  (2  in  the 

415-2  4.      [middle) 

414-3  4. 

413-1  4. 


X=411-8    5. 

411-0   / 3. 

410-2   4. 

409-5   4. 

407-0   4. 

400-9    4,  double. 

•  400-5   3. 

■       400-2   3. 

405-7   2. 

•  404-9    5. 

404-2   5. 

403-5   4. 

•  402-0    3. 

399-0    0. 

398-0   2. 


The  lines  indicated  by  an  asterisk  have  been  already  noted  as 
belonging  to  nitrogen ;  the  others  have  not  before  been  observed. 
Among  these,  those  which  are  indicated  by  the  letter  x  are  not 
produced  in  air  with  knobs  of  tin  ;  the  rest  are  comiixon  to  both 
specti'a,  and  consequently  belong  to  nitrogen  or  hydrogen.  Most 
of  the  X  lines  are  more  intense  at  the  extremities  than  in  the  middle ; 
the  spectrum  obtained  with  knobs  of  tin  showed  that  the  liiies  of 
the  electrodes  present  this  peculiarity.  This  effect  is  rendered 
most  apparent  by  placing  the  spark  parallel  to  the  slit  of  the  spec- 
troscope. 

In  the  chief  experiment  w  hich  remains  to  be  described  the  spark 
is  perpendicular  to  the  slit.  We  have  then  on  the  photograph 
some  short  lines,  and  long  ones  which  extend  on  both  sides  beyond 
the  median  band  of  the  spectrum.  After  operating  on  nitrogen  at 
the  ordinary  pressure,  I  compressed  the  gas  in  the  cylinder  to 
eight  atmospheres,  and  took  a  photograph  without  making  any 
change  in  the  apparatus.  The  comparison  of  the  two  proofs  ob- 
tained at  1  and  at  8  atmospheres  fully  conlii-ms  my  proposition. 
At  1  atmosphere  the  nitrogen-lines  extend  on  botli  sides  of  the 
median  region  impressed  by  a  feeble  continuous  light ;  throughout 
their  length  they  are  admirably  sharp,  since  more  than  thirtv  of 
them  could  be  measured  in  the  space  of  3  millimea-es. 

At  8  atmospheres  the  median  region  is  quite  continuous,  and 
the  lines  of  the  gas  can  hardly  be  distinguished  there;  but  these 
extend  in  both  directions  as  in  the  preceding  spectriun,  and  pre- 
serve their  sharpness.  This  is  precisely  the  effect  which  would  be 
produced  by  a  trail  of  lire  formed  by  solid  particles  of  dust  and  en- 
compassed by  an  aureole  of  kuninous  gas. 

1  am  pursuing  these  researches,  as  far  as  the  means  at  my  dis- 
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posal  permit ;  and  I  hope  to  be  able  soou  to  make  known  the  entire 
spectra  of  the  principal  simple  gases. —  Gomptes  Rendus  de  I'Aca- 
deinie  des  Sciences,  May  21,  1877,  tome  Ixxxiv.  pp.  1151-1154. 


PHOTOMETRIC  RESEARCHES  ON  COLOURED  FLAMES. 
BY  M.  GOUY. 

To  continue  these  researches,  I  had,  in  the  absence  of  any  data 
on  the  subject,  to  make  a  preliminary  study  of  the  conditions  ou 
which  the  brightness  of  coloured  flames  depends  :  the  most  impor- 
tant are  the  thickness  of  the  flame,  its  composition,  the  nature  of 
the  salt,  and  the  quantity  of  it  carried  along  in  the  combustible 
mixture.  The  apparatus  employed  has  been  described  in  the 
Comptes  Rendus*. 

1.  The  augmentation  of  brightness  of  a  line  when  the  thickness 
of  the  flame  becomes  twice  as  great  is  easily  deduced  from  the  ex- 
periments described  in  a  previous  Note.  That  result,  controlled 
and  completed  by  another  method,  leads  to  this  relation  : — When 

the  thickness  of  the  flame  is  augmented  by  a  fraction  -,  the  bright- 
ness of  the  line  increases  by  the  fraction  ~ ;  k  is  equal  to  0'35  for 

sodium,  0'45  for  lithiiun,  and  is  comprised  between  0-9  and  unity 
for  the  bands  of  calcium  aud  strontium.  This  coefficient  diminishes 
a  little  in  proportion  as  the  brightness  of  the  flame  increases.  The 
formula  is  inapplicable  for  )i<l ;  it  supposes  also  that  the  flame  is 
homogeneous — which  can  be  secured  by  viewing  it  a  little  above  the 
orifice. 

2.  If  the  flame  is  a  little  overcharged  with  illuminating  gas,  and 
this  be  gradually  diminished,  the  brightness  is  seen  to  increase, 
pass  through  a  maximum,  and  rapidly  diminish.  With  lithium  the 
augmentation  of  brightness  is  scarcely  noticeable,  the  maximum 
takes  place  before  the  flame  ceases  to  be  reducing  (for  a  copper 
wire),  and  is  followed  by  a  rapid  diminution.  With  a  large  excess 
of  air  the  spectrum  disappears.  Calcium,  barium,  and  strontium 
behave  in  the  same  mauner ;  this  fact  appears  unfavourable  to  the 
opinion  which  attributes  the  bands  of  their  spectra  to  oxides. 
With  sodium,  on  the  contrary,  the  brightness  of  the  flame  augments 
rapidly  as  it  becomes  less  reducing,  the  maximum  is  produced  at 
the  instant  when  it  ceases  to  be  so,  and  is  followed  by  a  reduction 
of  brightness  much  slower  than  with  the  other  metals — so  that  a 
flame  containing  soda  and  lithia  is  red  with  an  excess  of  illumina- 
ting gas,  and  yellow  with  an  excess  of  air. 

These  results  are  confirmed  by  other  experiments  made  with 
one  and  the  same  flame,  \\hich  can  at  will  be  made  to  burn  in  air 

*  See  t.  Ixxxiii.  p.  269,  and  t.  Lxxxiv.  p.  231  (Phil.  Mag.  [5]  vol.  ii. 
p.  317,  &  vol.  iii.  p.  238). 
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or  in  a  current  of  illuminating-gas.  The  oxidizing  layer  which  en- 
veloped the  flame  is  thus  rendered  reducing ;  and  we  observe  that 
H  ihime  a  little  reducing  augments  the  light  of  lithium  and  dimi- 
nishes that  of  sodium. 

3.  It  was  iirst  ascertained  that  solutions  diluted  to  yj^  are  con- 
verted to  powder  and  carried  along  by  the  gaseous  mixture  in  the 
same  quantity,  \\'hatever  be  the  substance  dissolved.  For  that 
purpose  a  crystal  of  nitrate  of  calcium  is  added  to  a  portion  of  a 
solution  of  nitrate  of  strontium  ;  the  liquid  gives  the  spectrum  of 
strontium  with  the  same  brightness  as  the  original  solution.  The 
experiment  repeated  with  other  salts  gives  the  same  results.  It  is 
therefore  sutlicient,  in  order  to  compare  salts  having  the  same  base 
and  different  acids,  to  prepare  dilute  solutions  of  them  containing 
the  same  quantity  of  metal  per  litre  and  submit  them  to  experi- 
ment. Each  salt  is  compared  with  the  nitrate  by  pulverizing  each 
of  the  two  solutions  alternately,  and  thus  making  four  or  six  cross 
experiments.  Here  is  a  series  of  measurements  jnade  with  a 
slightly  reducing  flame,  at  1  centim.  above  the  orifice : — 

Ni-           ,  Clilo-  Bi'o-  T   Ti       Plios-  Carbo-    m    ,     , 

,     ,         8ul-          ■  ^  -1  Iodide.      ,    ,  ,        lartrate. 

trate.      ,    ,  nde.  mide.                     pnate.  nate. 
puate.                                                   ^ 

Sodium   ..    1       lOOl       I-OIO      0-991       0990       1013      0998      1014 
Lithium..   1       1-003      0992       1-008       1-009      0-996         ...        0992 

The  differences  are  of  the  order  of  possible  errors ;  therefore  the 
brightness  of  the  spectrum,  of  these  two  metals,  does  not  depend 
on  the  element  with  which  the  metal  was  combined.  Nor  has  a 
slight  excess  of  acid  any  more  influence  ;  but  with  a  notable 
quantity  of  chlorhydric  acid,  bromine,  &c.  the  brightness  is 
diminished. 

Calcium  and  strontium  present  some  remarkable  peculiarities. 
Their  acid  phosphates  give  but  a  very  feeble  spectrum.  Nitrate  of 
calcium  gives  a  more  feeble  spectrum  than  the  other  salts — chloride, 
bromide,  iodide,  acetate*;  the  ratio  varies  from  1-47  to  1*93,  and 
is  the  same  for  the  principal  bands.  Moreover,  for  one  and  the 
same  salt,  the  ratio  varies  with  the  conditions  of  the  experiment. 
It  must  be  remarked  that  the  lines  pi-oper  to  the  chloride  and  the 
other  non-decomposed  salts  are  not  visible ;  all  the  salts  give  the 
same  spectrum. 

The  deportment  of  the  salts  of  strontium  is  the  same,  but  with 
less  variations.  The  brightness  of  the  spectrum  being  equal  to  1 
for  the  nitrate,  it  varies  from  1-2  to  1-5  for  the  other  salts. 

4.  From  what  we  have  just  seen,  the  quantities  of  salts  intro- 
duced into  the  flame  are  in  the  sauie  ratio  as  the  richness  of  the 
solutions  employed.      Thus,  when  the  quantity  of  salt  introduced 

*  It  was  ascftrtained  tliat  these  differences  do  not  depend  on  unequal 
pulverization,  by  dissolviug  in  e  ich  of  the  liquids  the  same  quantity  of  a 
salt  of  sodium  or  lithium  ;  the  lines  of  these  metals  had  the  same  bright- 
ness. 
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is  doubled,  the  increase  of  brightness  of  each  line  is,  at  the  most, 
equal  to  that  which  would  be  produced  by  doubliug  the  thickness 
of  the  flame,  and  is  almost  always  inferior  to  it.  We  have  to  re- 
liiavk  that  the  quantity  of  free  metal  in  the  flame  is  not  necessarily 
proportional  to  the  quantity  of  salt  which  it  contains  ;  it  seems  to 
follow  from  the  comparison  just  made  that  it  increases  less  quickly. 
I  purpose  to  return  to  this  point  when  I  have  finished  the  study  of 
certain  anomalies  presented  by  these  experiments. — Comptes  Rendus 
de  VAcademie  des  Sciences,  July  9,  1877,  tome  Ixxxv.  pp.  70-72. 


ON  A  NEW  METALj  DAYYUM.   BY  SERGE  KERN. 

At  the  end  of  last  month  I  succeeded  in  isolating  a  new  metal 
belonging  to  the  platinum  group ;  I  have  named  it  davyum,  in 
honour  of  Sir  Humphry  Davy  the  eminent  English  chemist. 

The  platiniferous  sand  treated  had  the  following  composition : — 

Platinum 80-03 

Iridium    9*15 

Ehodium 0-61 

Osmium 1*35 

Palladium    1'20 

Iron 6"45 

Eutheuium 0-28 

Copper     1'02 

100-09 

For  the  separation  of  the  metals,  the  ores  (600  grammes)  were 
treated  by  the  analytical  method  of  Professor  Bunsen.  The  mother- 
liquors  obtained  after  the  separation  of  rhodium  and  iridium  were 
heated  with  an  excess  of  chloride  and  nitrate  of  ammonium,  A 
deep-red  precipitate  was  obtained  ;  after  calcination  at  a  red  heat 
it  gave  a  greyish  mass  resembling  platinum  sponge.  This,  fused 
at  the  oxyhydrogen  blowpipe,  furnished  a  metallic  ingot  of  a  silver 
colour,  and  weighing  0-27  gramme.  The  density  of  dav\aim  is 
9-385  at  25°  C. ;  the  metal  is  hard,  but  malleable  at  a  red-heat. 

Davyum  is  readily  attacked  by  aqua  regia,  and  very  slightly  by 
boiling  sulphuric  acid.  Caustic  potash  (KHO)  produces  a  yellow 
precipitate.  Sulphuretted  hydrogen,  passed  through  a  dilute  solu- 
tion of  chloride  of  davyum,  produces  a  brown  precipitate,  which, 
after  desiccation,  takes  a  black  colour.  Sulphocyanide  of  potassium 
(KCVS),  with  a  dilute  solution  of  chloride  of  davyimi,  becomes  red. 
This  reaction  is  identical  \\^th  that  given  by  the  salts  of  pei'oxide 
of  iron.  If  the  solutions  of  dav\aim  and  KCyS  are  concentrated, 
a  red  precipitate  is  obtained, 

I  thiBk  that,  in  the  classification  of  the  elements  proposed  by 
M.  Mendeleeff,  davyum  is  the  hypothetical  element  placed  between 
the  metals  molybdenum  (Mo)  and  ruthenium  (Ru).  In  that  case 
the  equivalent  of  davyum  should  be  100. 
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I  hope  to  be  able,  in  a  few  mouths,  to  communicate  the  results 
of  my  fresh  investigations  on  the  physical  and  chemical  properties 
of  davyum.  The  new  metal  appears  to  be  a  rare  element  in  nature ; 
platiniforous  sand  does  not  contain  more  than  0*045  of  davyum. — 
Comptes  Rcndtis  de  VAcademie  des  Sciences,  July  9,  1877,  tome 
Ixxxv.  p.  72. 


ON  THE  DIAMAGNETTSM  OF  CONDENSED  HYDROGEN. 
BY  R.  BLONDLOT. 

Palladium  charged  with  hydrogen  acquires,  as  is  known,  the 
properties  of  a  true  alloy.  After  Graham  had  discovered  this 
singular  body,  to  which  he  gave  the  name  of  hydrogenium-palladium, 
he  endeavoured  to  determine  its  physical  constants.  His  examina- 
tion extended  to  its  magnetic  properties  ;  but  there  observation 
seemed  to  falsify  completely  the  previsions  of  the  illustrious  chemist. 
In  fact,  it  is  known  that  palladium  is  feebly  magnetic,  while 
gaseous  hydrogen  was  classed  by  E.  Becquerel  and  Faraday  among 
diamagnetic  bodies  ;  therefore,  in  palladium  charged  with  hydrogen, 
one  might  have  expected  to  meet  with  magnetic  properties  less 
marked  than  in  palladium  not  charged.  What  happened  was  the 
opposite  of  this.  Graham  ascertained  that  a  piece  of  palladium  is 
attracted  by  the  pole  of  a  magnet  much  more  powerfully  after  being 
impregnated  with  hydrogen  by  electrolysis  * ;  and  thence  be 
concluded  that  hydrogenium-palladium  is  more  magnetic  than 
palladium. 

G.  Wiedemann,  in  reporting  in  his  treatise  on  galvanism  and 
electromagnetismt  the  preceding  experiments,  refuses  to  admit  the 
conclusions  drawn  from  them,  attributing  the  phenomenon  observed 
to  the  impurity  of  Grahaui's  palladium,  which  "  must  have  con- 
tained oxide  of  iron  ;  the  reduction  of  that  oxide  by  the  hydi'ogen 
exalted  its  magnetic  properties — which  accounts  for  the  anomalies 
observed." 

In  view  of  this  disagreement  it  seemed  to  us  expedient  to  submit 
the  question  afresh  to  the  test  of  experiment.  The  method  we 
employed  is  that  which  was  devised  by  M.  Becquerel  for  the  deter- 
mination of  specific  magnetisms.  The  body  for  experiment,  in  the 
form  of  a  small  bar  or  strip,  is  suspended  between  the  poles  of  the 
electromagnet  by  a  torsion-thread  so  as  to  make  a  determinate  angle 
\\ath  the  line  of  the  poles  ;  the  current  is  caused  to  pass  ;  the  bar 
is  deflected  ;  and  to  bring  it  back  to  its  first  position  it  is  necessary 
to  twist  the  thread  at  its  upper  part  a  certain  angle,  Mhich,  after 
suitable  reductions,  gives  the  measure  of  the  specific  magnetism 
sought. 

*  See  Co}7iptes  liendm,  Jan.  18,  1869,  p.  101 :  Phil.  Ma^.  Feb.  18()0, 
[4]  vol.  xxxvii.  pp.  128,  129. 
T  Die  Lehre  von  Galvanisnms  tmd  EkctromagnetisnmSf  vol.  ii.  p.  563. 
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"We  operated  first  upon  commemal  palladium.  A  rectangular 
strip  of  palladium  not  charged,  suspended  as  above  described,  re- 
quired a  torsion  of  16°  to  bring  it  back  to  its  initial  position.  It 
was  then  charged  and  replaced ;  this  time  the  deflection  was  per- 
fectly inappreciable  \\ith  our  apparatus.  The  strip  having  been 
discharged,  heated  to  redness,  resumed  its  magnetism.  The  ex- 
periment, when  repeated  with  specimens  of  the  most  diverse  ori- 
gin, constantly  gave  the  same  result ;  a  strip  prepared  by  elec- 
ti'olysis  from  chloride  of  palladium  behaved  precisely  in  the  same 
manner. 

It  necessarily  follows  from  these  experiments  that  charged  pal- 
ladium is  less  magnetic  than  uncharged,  which  leads  us  to  attribute 
to  condensed  hydrogen  energetic  diamagnetic  properties.  It  must 
therefore  be  admitted  that,  as  M.  Wiedemann  supposes,  an  acci- 
dental cause  may  have  deranged  Grraham's  experiments.  For  our 
part,  we  should  be  inclined  to  accuse  the  impurity  of  the  acid  used 
to  acidulate  the  water  employed  to  charge  the  palladium  by  electro- 
lysis :  the  least  trace  of  a  ferruginous  compound  gives  rise  to  a 
deposit  upon  the  palladium,  which  would  account  for  the  result 
found  by  Graham. 

Once  in  possession  of  the  fact  revealed  by  the  measurements 
above  reported,  we  sought  to  make  it  evident  by  means  of  experi- 
ments more  simple  and  more  easily  repeated. 

Two  similar  strips  are  cut  from  the  same  piece  of  palladium  ;  and 
then  one  of  them  is  charged  with  hydrogen.  This  done,  the  strips 
are  arranged  crosswise,  and  suspended  by  a  cocoon-thread  between 
the  poles  of  a  Euhmkorff  electromagnet  ;  the  uncharged  strip 
always  takes  the  axial  position.  Still  more  simply,  an  elongated 
rectangular  strip  is  charged  only  in  one  half  of  its  length  ;  suspended 
by  a  cocoon-thread  in  front  of  one  pole  only,  the  part  not  charged 
always  turns  towards  the  magnet. 

These  two  experiments  point,  like  our  measurements,  to  this 
fact,  that  condensed  hydrogen  possesses  relatively  powerful^  dia- 
magnetic properties.  In  concluding,  we  will  remark  that  it  is  not 
unimportant  in  regard  to  theory  to  know  that  the  coiadeusation  of 
a  diamagnetic  body  has  rendered  it  more  diamagnetic  under  the 
same  volume.  Tyndall,  in  his  researches  on  crystallized  bodies, 
was  led  to  admit  analogous  facts,  and  to  draw  from  them  important 
arguments  for  the  existence  of  diamagnetic  polarity*;  his  pre- 
sumptions are  found,  as  we  see,  perfectly  justified  by  experi- 
fnejits. — Comptes  liendus  de  V Academic  des  Sciences,  July  9,  1877, 
tome  Ixxxv.  pp.  68,  69. 

*  Phil.  Mag.  [4]  vol.  ix.  p.  208  (March  1855). 
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XXI.    Oa  the  Mar/fietic  Behaviour  of  Chemical  Compounds. 
Bij  Professor  G.  Wiedemann*. 

SCARCJELY  twenty-five  years  have  elapsed  since,  in  che- 
mistry, the  so-called  theory  of  types  united  in  its  artifi- 
cial scheme  the  special  theories  of  radicals  and  of  substitution 
(in  which  the  earlier  experiments  found  a  first  hypothetical 
expression),  and  thereby  rendered  possible  the  discovery  of  a 

freat  number  of  new  compounds,  the  composition  of  which 
tted  perfectly  into  the  once-given  formulary.  These  scienti- 
fically valuable  results  misled  not  a  few  chemists  to  regard, 
with  a  certain  fanaticism,  the  new  doctrine  as  an  ahnost  irre- 
fragable gospel  of  chemistry,  e^en  though  on  the  part  of 
others  the  arbitrary  equalization  of  elements  which  in  the 
compounds  stand  in  the  most  decided  electrolytic  opposition, 
the  parallelism  of  utterly  heterogeneous  compounds,  &c.  was 
at  the  same  time  looked  upon  as  in  the  highest  degree  pro- 
blematical. 

Again  after  barely  ten  years,  in  a  perfectl}^  natural  process 
of  evolution,  especially  in  consequence  of  greater  attention  to 
the  regularities  expressed  in  the  notion  of  valency  introduced 
into. the  law  of  multiple  proportions,  that  theory  was  replaced 
by  the  structure  theory.  Its  solid  classification,  apparently 
resting  on  such  simple  principles,  its  far  more  important  con- 
sequences in  the  production  of  an  extraordinarily  great  quan- 
tity of  substances  ranging  themselves  under  it  and  especially 
more  valuable  for  the  arts,  gained  for  it  the  adhesion  of  the 

*  Translated  from  the  Decanal  Dissertation  prefixed  to  the  List  of  Doc- 
tors of  Philosophy  and  Masters  of  Arts  creiited  by  the  Leipzig  University 
in  the  Academical  year  1875-1870,  communicated  by  the  Author. 
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former  professors  of  the  t^'pe  theory ;  and  in  many  quarters  it 
is  regarded  as  the  finn  and  final  foundation  upon  which  the 
edifice  of  our  chemical  science  has  to  be  built.  If  in  particulars 
\'iews  sometimes  differ,  yet  upon  the  whole  the  structure  theory 
is  believed  to  express  decisively  the  constitution  of  chemical 
compounds,  the  placing  of  their  atoms.  Nay,  some  have  even 
gone  so  far  as  to  wish  to  render  the  latter  in  symbolical  repre- 
sentations ;  and  in  consequence  of  this,  a  few  individuals  have 
esteemed  the  schematic  notation  of  the  bonds  on  a  plane  sur- 
face not  sufBcient,  the  molecule  being  corporeal — an  error 
which  can  only  have  resulted  from  a  strange  confusion  of 
symbol  with  reality,  the  figurative  representation  of  the  sup- 
posed reciprocal  binding  of  the  atoms  with  the  shape  of  the 
molecule  consisting  of  them. 

It  is  frequently  held  that  a  purely  chemical  investigation  is 
sufficient,  Avithout  the  measurement  of  vapour-density,  to 
establish  the  relative  positions  of  the  atoms  in  compounds  in 
the  sense  of  the  structure  theor3\  Corresponding  to  this  me- 
thod of  investigation,  besides  the  molecular  weight,  the  struc- 
tural formula  represent,  although  in  a  very  complete  manner, 
yet  only  the  processes  out  of  which  they  have  resulted ;  they 
mark  the  groups  of  atoms  which,  on  the  various  chemical 
attacks  (heating  &c.),  separate  from  the  combinations  or  are 
exchanged  with  others.  Meanwhile  other  questions  are: — 
whether,  beyond  these  limits  of  direct  observation,  the  funda- 
mental hypotheses  of  the  structure  theory  (often  not  a  little 
complicated  notwithstanding  their  apparent  simplicity)  can  be 
brought  into  harmony  with  the  principles  of  general  mecha- 
nics ;  and  how  far  it  can  account  for  the  physical  properties 
of  the  compounds,  which  properties  must  yet  result  immedi- 
ately from  their  chemical  constitution. 

This  is  not  the  place  to  enter  upon  a  more  special  reply  to 
these  questions,  of  which  especially  the  first  would  require  a 
very  detailed  discussion.  In  regard  to  the  second  we  will  only 
cursorily  mention  that  in  fact  the  structural  formula  indicate 
very  well  in  isolated  cases  certain  regularities  in  the  phj'sical 
properties.  Thus  the  isomorphism  of  some  substances  coin- 
cides with  the  analogy  of  their  formulae  (KXO3  and  CaCOs, 
&c.).  The  repeated  entry  in  like  manner  of  CHo  into  the  for- 
mula of  the  fatty  acids,  alcohols,  aromatic  compounds,  with 
the  normal  twofold  binding  of  the  carbon  atom  of  that  group 
to  two  other  carbon  atoms,  corresponds  to  a  like  alteration  of 
the  boiling-point,  the  molecular  volume,  the  refraction-equi- 
valent :  the  latter  constants  are  different  with  isomeric  com- 
pounds of  different  structure,  Sic. 

On  the  contrary,  the  structural  formulte  do  not  in  any  way 
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conform  to  the  electrolytic  deportment  of  the  componnds. 
Willie  in  the  cast;  of  non-eleetrolyzahle  substances  considera- 
tions upon  electrical  contrarieties  of  their  constituents,  without 
experimental  foundation,  can  only  be  the  subject  of  purely 
theoretical  speculations,  the  separation,  effected  by  the  same 
current,  of  various  electrolytes  into  their  ions  proves  that  the 
latter  contain  e(|ual  quantities  of  positive  or  negative  electri- 
city (are  eleetrol3'tically  equivalent).  This  equivalence  is  not 
everywhere  expressed  by  the  structural  formulnc :  thus  in  the 
compounds  FeClg  and  Fe2  01^  equal  quantities  of  chlorine 
(2  CI),  on  the  one  hand,  and  the  different  quantities  of  iron 
(Fe  and  §Fe)  combined  with  them,  on  the  other,  are  equiva- 
lent. It  is  the  same  with  chloride  of  potassium  and  the  yel- 
low prussiate  of  potash,  to  which  are  assigned  the  formulge 
KCl  and  4  K  +  FeCy^,  while  yet  the  equivalence  of  equal  (pian- 
tities  of  potassium  in  them  is  ascertained,  and  so  on.  I'hese 
electrolytic  relations  of  the  compounds,  however,  would  surely 
have  as  much  right  to  be  taken  into  account,  in  the  conside- 
ration of  their  structure,  as  their  chemical  properties;  and  it 
is  obvious  that  a  complete  knowledge  of  the  constitution  must 
give  a  full  account  of  them  as  well  as  of  the  latter. 

Similar  relations  present  themselves  on  the  consideration 
,of  the  magnetic  properties  of  compounds.  AVhile  in  the  che- 
mical and  electrolytic  investigation  of  bodies  it  is  always  the 
result  of  a  displacement  or  separation  of  their  atoms  that  is 
discovered,  and  consequently  only  at  the  beginning  and  end 
of  certain  states  of  motion  is  the  Avay  in  which  they  are  com- 
bined considered,  the  magnetic  investigation  of  com})Ounds 
offers  the  advantage  that  we  can  study  a  physical  j)ropcrty 
altogether  characteristic  of  the  individual  atoms  of  the  com- 
pounds without  any  decomposition,  on  the  unaltered  compounds, 
and  can  therefore  draw  a  conclusion  respecting  the  particular 
behaviour  of  those  atoms  in  them. 

Permit  me,  in  the  following,  to  epitomize  the  communica- 
tions which  I  have  j)reviously  published  on  the  magnetic  be- 
haviour of  chemical  compounds,  together  with  an  account  of 
more  recent  observations  on  the  same  subject.  Perchance 
this  combination  may  furnish  a  fresh  instance  of  even  a  purely 
physical  method  of  investigation  sometimes  giving  a  revela- 
tion, in  certain  directions,  respecting  the  constitution  of  che- 
mical compounds,  such  as  could  never  be  attained  through 
purely  chemical  reactions  exclusively. 

The  magnetic  moment  of  the  bodies  experimented  on  v^^as 
measured  by  means  of  a  torsion  balance.  The  head  of  it  could 
be  rotated  about  its  axis,  in  a  vertical  hollow  cylinder,  bv 

M2  ^  '     J' 
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means  of  a  horizontal  endless  screw  gearing  into  its  edge  and 
turned  by  a  cord  led  to  the  observer.  To  the  head  was  sus- 
pended, bv  a  very  hard-drawn  German-silver  wire  of  0'2-0"3 
millim.  thickness,  and  640  millims.  length,  a  vertical  brass 
rod,  A,  550  millims.  long  and  5*5  millims.  thick,  loaded  beneath 
with  weights  (about  a  kilogram),  and  furnished  at  its  lower 
extremity  with  vanes  which  were  immersed  in  a  glass  vessel  n, 
filled  with  oil,  in  order  to  damp  the  oscillations  of  the  appa- 
ratus. On  the  brass  rod, 
about  70  millims.  below 
its  upper  end,  a  hori- 
zontal arm,  /,  20  mil- 
lims. long,  was  fastened, 
filed  outquadrangularly 
in  front,  so  that  exact- 
ly fitting  quadrangular 
brass  rods  could  be  in- 
serted in  it,  which  sup- 
ported in  a  brass  holder 
little  flask-sha})ed  glass 
vessels,  k,  balanced  by 
a  counterpoise.  The 
glass  vessels  were  partly 
spherical,  partly  flat- 
tened, so  that  their 
plane  surfaces  were  pa- 
rallel with  the  vertical 
plane  pasing  through  the  br.iss  rod  and  the  arm.  These  ves- 
sels were  filled,  up  to  a  mark  on  tlie  neck,  with  the  substances 
to  be  investigated.  In  the  position  of  rest  the  arm  i  was  in 
the  magnetic  north-and-south  plane.  In  front  of  the  glass 
vessel  k  a  very  powerful  electromagnet,  /,  was  placed  in  an 
east-and-west  position:  in  the  more  recent  experiments  it  con- 
sisted of  an  iron  core  terminating  in  front  in  a  truncated  cone, 
of  320  millims.  length  and  70  millims.  diameter,  placed  in  a 
helix  of  1200  turns  of  covered  copper  wire  2-b  millims.  in 
thickness.  Its  magnetic  moment,  J,  was  determined,  by 
means  of  scale  and  telescope,  from  the  deflections  of  a  steel 
magnetic  needle  suspended  in  a  thick  copper  box,  set  up  in 
the  direction  of  the  prolongation  of  the  axis  of  the  magnet,  at 
a  distance  of  230  centims.  from  its  fore  end. 

A  mirror,  cf,  fixed  to  the  brass  rod  A,  permits  the  orientation 
of  the  apparatus  to  be  observed  by  means  of  a  scale  at  the  dis- 
tance of  2  metres  and  a  telescope.  First  its  ?u7-position  was 
determined  without  the  magnet's  influence  ;  then  the  magnet 
was  excited,  its  moment,  J,  determined,  and  by  turning  the 
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head  of  the  torsion  balance  the  apparatus  brought  back  to  7id. 
After  the  opening  of  the  magnetizing  current  the  apparatus 
rotated  back,  in  consequence  of  the  torsion  of  the  Gerinan- 

T 
silver  wire,  through  an  angle  T.  The  value  M  =  p  then  mea- 
sures, in  each  case,  the  magnetic  moment  of  the  glass  flask, 
and  the  contained  substance,  for  the  unit  moment  of  the  mag- 
net acting  upon  them.  In  this  way,  first,  the  following  preli- 
minary determinations  were  carried  out: — 

1.  injiuence  of  the  Maynetizing  Force. — If  a  solution  of  sul- 
phate of  iron  was  exposed  to  the  action  of  various  magnetic 
forces  (78-8,  IIG,  laO'li,  181-8,  2()8-5),  the  value  M  changed 
only  in  the  ratio  from  8583  to  8G21,  and  irregularly,  with  a 
rising  intensity  of  the  current.  Therefore,  icithin  the  litniti^  of 
the  observations,  the  magnetic  moment  of  the  vessel  filed  with 
sulp]iate-of-iron  solution  is  directly  proportional  to  the  magne- 
tizing force  acting  upon  it. 

2.  Efect  of  Concentration. — If  tho  glass  vessel  was  filled 
with  solutions  of  the  same  salt  in  different  degrees  of  concen- 
tration, and  from  its  magnetic  moment  calculated  for  the  mag- 
netizing force  1  the  corresponding  negative  moment  of  the 
diamagnetic  glass  vessel  filled  with  water  was  subtracted,  the 
magnetism  of  the  dissolved  salt  was  obtained.  This  amounted, 
for  example,  with  solutions  of  protochloride  of  manganese  con- 
taining U-95G,  0-717,  0-478,  and  0-239,  to  163,  120-3,  80-87, 
and  40-20  respectively. 

The  magnetism  of  salt-solutions  is  therefore  directly  equiva- 
lent to  the  sum,  of  the  magnetisms  of  the  dissolving  medium  and 
the  salt  dissolved;  and  the  magnetism  of  the  latter  is  propor- 
tional to  the  iceight  contained  in  the  unit  of  volume. 

Similar  results  had  previously  been  found  by  Plucker ;  de- 
viations therefrom  will  be  cited  infra. 

3.  Infuence  of  the  Solvent. — Aqueous,  alcoholic,  and  etheric 
solutions  of  perchloride  of  iron  showed,  after  deducting  the 
magnetism  of  the  -sessel  and  solvent,  nearly  the  same  magne- 
tism for  the  unit  of  the  dissolved  salt. 

The  magnetism  of  the  dissolved  scdt  hy  itself  is  therefore  nearly 
independent  of  the  nature  of  the  solvent. 

4.  At  different  temjyeraiures,  t,  with  a  series  of  salt-solutions 
(for  example,  of  ferrous  su1])hate  of  different  degrees  of  con- 
centration, protochloride  of  iron,  perchloride  of  iron,  nickelous 
sulphate,  cobaltous  nitrate,  and  red  prussiate  of  potash)  the 
magnetism  of  the  salt,  w^,  by  itself,  after  deducting  the  mag- 
netism of  the  solvent,  was  expi-essed  by  the  formula 

m  =  100-0-32Dt, 
the  magnetism  at  0°  being  put  equal  to  100. 
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Therefore,  so  far  as  can  be  concluded  from  tlie  preceding 
observations,  the  magnetism  of  the  dissolved  salt  diminishes 
projwrtionately  tvith  the  rise  of  temperature,  and,  for  all  the 
salts  hitherto  investigated,  notioithstanding  their  great  chemical 
difference,  according  to  the  same  law. 

The  number  O'o25  coincides  approximately  with  the  coeffi- 
cient of  the  diminution  of  electric  conductivity  of  the  metals 
with  rise  of  temperature. 

5.  Magnetism  of  various  Salts  dissolved  in  Water. — If  the 
magnetism  calculated  for  the  unit  of  weight  of  the  salts  dis- 
solved in  water  is  equal  to  m,  and  the  molecular  weight  of  the 
salts  A,  the  value  yLt=A?n  is  the  magnetism  of  one  molecule 
of  the  salt  in  question,  its  molecular  magnetism.  In  like 
manner  the  magnetism  of  each  atom  of  the  magnetic  metal  in 
the  salts,  its  atomic  magnetism  a,  can  be  calculated. 

It  has  been  found,  as  the  result  of  numerous  trials,  that, 
with  the  oxvgen,  as  well  as  with  the  haloid  salts,  the  molecular 
magnetism  of  the  dissolved  salts  of  the  same  metal  ivith  diff'ereiit 
acids  is  aiyproximately.  the  same.  Thus,  for  example,  in  an 
arbitrary  unit,  for  nickelous  sulphate,  nitrate,  and  chloride, 
[x\s=  1426,  1433,  1400  ;  for  ferrous  sulphate,  nitrate,  and 
chloride,  3900,  3861,  3858  ;  for  the  relatively  feebly  mag- 
netic cupric  nitrate,  acetate,  and  chloride,  480,  489,  477;  &c. 

If  the  atomic  magnetism  of  the  iron  in  the  ferric  salts  be 
denoted  by  100,  that  of  the  metals  of  the  other  salts  will  be: — 


Cupric 10-8 

Cerious    10'3 

Ferric 100-0 

Chromic 41'9 


Manganous 100*4 

Ferrous  83'1 

Cobaltous    67-2 

Nickelous    30*5 

Didymic 22*6 

According  to  this,  the  mean  molecular  magnetism  of  the  fer- 
rous salts  stands  approximately  midway  betiveen  the  magnetisms 
of  the  manganous  and  cohcdtous  salts,  and  the  molecular  mag- 
netism of  the  cohaltous  salts  michvay  betiveen  those  of  the  man- 
ganous and  nickelous. 

.  The  molecular  magnetisms  of  the  four  groups  of  salts  men- 
tioned (the  nickelous,  cobaltous,  ferrous,  and  manganous) 
are,  therefore,  to  one  another  in  the  ratio  a  :a  +  b  :  a+l^b  :a 

+  2b.  One  would  suppose  that  this  relation  of  the  magnetic 
properties  of  the  four  groups  of  salts  would  also  find  expres- 
sion in  the  series  of  the  atomic  weights  of  their  metals ;  but 
at  least  the  values  hitherto  fixed  for  them  do  not  accord 
therewith. 

6.  3I(ignetism  of  the  Solid  Salts. — The  magnetism  of  the 
solid  salts  combined  with  the  water  of  crystallization  is  ap- 
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proximately  the  same  as  that  of  the  salts  in  solution.  Thus, 
if  the  molecular  magnetism  of  the  feri'ic  salts  in  their  strongly 
acid  solutions  is  equal  to  100,  it  is  (when  the  salts  contain 
water  of  crystallization) : — 

For  manganous  sul[)hate   100*4 

„  ferrous  sulphate 78'5 

„  ferrous  ammonium  sulphate  ...  83"0 

„  cobaltous  sulphate  67'2 

J,  nickelous  sulphate  29*i) 

„  diclymic  sulphate    23*0 

„  cupric  sulphate  10*G 

If  the  salts  be  deprivedof  water,  their  molecular  magnetism 
changes  in  some  cases  more  considerably.  Thus,  for  the 
following  anhydrous  salts  it  is,  compared  with  the  atomic 
magnetism  of  the  metal  in  the  ferric  or  manganous  salts  taken 
as  equal  to  100  : — 

Anhydrous  cobaltous  sulphate    G7"2 

„           nickelous  sulphate    2D"2 

„           cerious  sulphate    9"9 

,,           cupric  sulphate 9*3 

,,           ferrous  chloride     83*1 

„           cobaltous  chloride     82*9 

„           nickelous  chloride     33*5 

„           cupric  chloride 8*7 

„           cupric  bromide 5*2 

The  insoluble  salts  behave  similarly.  Thus  the  molecular 
magnetism  for 

Cobaltous  phosphate  is %.  04*0 

,,         carbonate G0"3 

Manganous  phosphate  103-9 

„           carbonate    90*2 

Here,  however,  it  is  to  be  observed  that  perhaps,  on  being 
washed  with  water,  the  carbonates  have  partially  de- 
composed. 

The  equality  of  the  magnetisms  of  the  molecules  of  the 
ditferent  dissolved  salts  of  the  same  metal,  as  well  as  the  dif- 
ferences in  the  behaviour  of  the  dissolved  and  the  solid  salts, 
may  find  their  explanation  in  the  now  pretty  generally  ac- 
cepted theory  of  magnetization,  which  has  gained  a  sure 
support  especially  from  the  mutual  relations  between  the 
mechanical  and  the  magnetic  behaviour  of  the  substances. 

If  the  magnetism  of  bodies  is  conditioned  by  the  existence 
of  preformed  molecular  magnets,  which  in  the  unmagnetic 
state  have  their  poles  directed  to   all  sides,  but   under   the 
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action  of  magnetizing  forces  arrange  themselves  all  more  or 
less  in  determinate  directions,  then  the  intensity  of  rotation 
of  the  molecular  magnets  in  different  substances  under  the 
action  of  the  same  external  magnetizing  forces  depends,  tii'st, 
on  the  quantity  of  their  own  invariable  magnetic  moment, 
and,  next,  on  the  resistance  opposed  by  the  molecular  forces 
to  their  rotation. 

But  we  have  observed,  first,  that  in  the  solutions  of  the 
above-mentioned  different  kinds  of  salts  of  the  same  magnetic 
metal  the  molecular  magnetism  is  the  same.  Therefore  it 
cannot  be  essentially  affected  by  the  variable  constituents  of 
the  salts.  Indeed  most  of  these  possess,  in  relation  to  the 
magnetism  of  the  majority  of  the  salts  themselves,  only  a 
very  feeble  magnetism  or  diamagnetism.  The  same  is  true 
also  of  the  oxygen  contained  in  the  oxygen  salts,  since  the 
haloid  and  oxygen  salts  behave  precisely  alike  with  respect 
to  magnetism.  Also  the  supposition,  expressed  by  Schonbein 
among  others,  that  oxygen  may  be  contained  in  the  salt- 
formers,  cannot  be  maintained,  since,  for  example,  the  copper 
compound  of  the  (by  itself)  feebly  diamagnetic  ferrocyanic 
hydrogen  acid  (which  certainly  contains  no  oxygen)  pos- 
sesses the  same  quantity  of  molecular  magnetism  as  the  rest 
of  the  copper-salts.  Accordingly  the  temporary  magnetism 
of  salts  under  the  influence  of  magnetizing  forces  can  only 
proceed  from  the  magnetic  position  of  the  metallic  atoms 
contained  in  their  molecules. 

We  know,  further,  again  through  magnetical  investiga- 
tions, how  very  much  the  molecular  forces  operative  in  every 
individual  magnetic  group  of  molecules  are  affected  by  ex- 
ternal circumstances,  pressure  for  instance.  If  an  amorphous 
pulveriform  body  were  suspended  at  its  centre  of  gravity 
in  a  homogeneous  magnetic  field,  between  two  magnetic  poles, 
so  that  the  magnetic  forces  acted  w  ith  equal  intensity  upon 
all  the  molecules,  the  body  would,  as  under  the  influence  of 
gravity,  remain  in  equilibrium  in  all  positions,  even  when  the 
particles  were  brought  nearer  to  one  another  by  a  pressure  in 
one  or  another  direction — provided  that  their  magnetic  action 
upon  one  another  could  be  neglected,  which  would  efl'ect  a 
diminution  of  the  diamagnetic  moment  in  diamagnetic,  an 
increase  of  the  magnetic  moment  in  magnetic  bodies.  We 
find,  however,  that  by  one-sided  pressure  not  only  the  mag- 
netism but  also  the  di(miogneti}<7n  of  pulveriform  substances 
is  increased  in  the  direction  of  the  pressure.  This,  therefore, 
cannot  arise  only,  as  was  at  first  assumed,  directly  from  an 
alteration  of  the  density  of  aggregation  of  the  molecular 
groups,  but  the  groups  themselves  must  be  altered. 
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The  salts  may  also  exhibit  a  similar  alteration  when  their 
density  is  increased  by  drying  and  heating  to  redness.  In 
some  eases,  especially  with  the  salts  of  the  strongly  magnetic 
metals,  certainly  at  tirst  a  greater  reci])rocal  action  of  the 
magnetically  directed  elements  of  the  individual  magnetic 
molecular  groups,  and  therefore  an  augmentation  of  the 
temporary  moment  under  an  equal  external  force,  may  also  be 
thereby  conditioned- — for  instance,  with  the  cobaltous  and 
nickelous  chlorides.  In  other  cases  the  rotability  of  the  mag- 
netic elements  in  the  individual  groups  of  molecules  may  be 
diminished. 

The  etfect  of  the  alteration  of  the  molecules  in  consequence 
of  condensation  might  also  be,  that  the  molecular  currents 
induced  by  the  magnet,  which  condition  the  diamagnetic 
behaviour  of  the  bodies,  would,  along  with  the  turning  of  the 
magnetic  atoms  endowed  with  permanent  magnetic  molecular 
currents,  come  forth  with  greater  intensity,  whence,  therefore, 
likewise  a  diminution  of  the  temporary  magnetism  would 
result.  This  is  particularly  evident  with  the  very  dense 
cupric  bromide.  That  through  alteration  of  the  density  alone 
the  proper  magnetism  of  the  magnetic  atoms  themselves  is 
changed,  is  perhaps  a  scarcely  admissible  assumption. 

Except  in  such  extreme  cases,  however,  the  divergencies 
between  the  magnetisms  of  the  dissolved  and  the  solid  salts 
are  but  slight.  Accordingly  we  say,  generally,  that  with  like 
chemical  properties  of  the  metallic  atom  in  the  molecule  of  dif- 
ferent compounds  its  atomic  magnetism  is  cdso  the  same. 

7.  Magnetic  Deportment  xcith  Doxdle  Decomposition. — Tlie 
above  result  is  further  contirmed  by  the  fact  that  on  mixing 
solutions  tchich,  through  douhle  elective  afiniti/,  mutually 
exchange  their  constituents,  the  total  magnetism  of  the  solutions 
is  the  same  after  as  before  the  douhle  decomposition. 

In  the  experiments  made  in  reference  to  this,  the  flask- 
shaped  glass  vessel  of  the  torsion  apparatus  was  first  filled  up 
to  the  mark  with  each  of  the  solutions  to  be  mixed,  A  and  B, 
and  their  magnetisms  M„  and  Mj,  deducting  the  magnetism 
of  the  glass,  determined,  as  well  as  their  weights  G„  and  G4. 
After  this  the  glass  vessel  was  partially  filled  with  A  and 
partly  with  B,  so  that  the  total  volume  of  both  together  was 
the  same  as  the  previous  volume  of  each.  The  solutions  were 
then  mixed  by  agitation.  If  the  weights  of  the  mixed  solu- 
tions are  ga  and  g*,  if  there  were  no  reciprocal  action  their 
common  magnetism,  after  deducting  that  of  the  glass, 
would  be 

M=w„  +  ?»,  =  M„-^«  +Mi^^ 
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Experiment  showed  that,  even  when  precipitates  were  formed, 
it  was  ahnost  invariably  likewise  equal  to  M.  Thus,  among 
others,  were  observed  mixtures  of: — 

7)1,1.      mf,.  7«(i+wi4.  M  obs. 
Ferric  chloride  and  sulphocjanide  1  ,  q.4._4..Q  _  i  f^o      i  i.p 

of  potassium    J  ~ 

Ferric  chloride  and  ferrocyanide  1  24.p_4.i —on.;^     oi.i 

of  potassium    j  ~" 

Ferrous  sulphate  and  ferricyanide  )  ^ft.ci  i  o.9_4.i.-i      aa.q 

of  potassium    J  "" 

Cuprous  sulphate  and  ferrocyanide  )    4..q_4..i  _   n.?       n-S 

of  potassium    J  ~ 

Cobaltous  nitrate  and  ferricyanide  )  oq.o  i  ryO_  90.9     99.9 

of  potassium  / 

Cobaltous  nitrate  and  ferrocyanide  \  00,  r  _  9 .9  _  3/5.3     35.9 

of  potassium  J 

Cobaltous  nitrate   and  mangani- )  oq.'t  ,  A.g_4Q.5     4^1. a 
cyanide  of  potassium J 

Apart  from  the  mostly  very  slight  secondary  influence  of  the 
change  of  density,  according  to  this  the  magnetism  of  the 
binary  compounds  is  directly  composed  of  the  magnetism  of 
their  constituents.  If  the  latter,  without  altering  their  con- 
stitution or  the  grouping  of  their  atoms,  change  into  other 
binary  compounds,  they  still  preserve  the  magnetism  proper 
to  them. 

8.  In  general  the  molecular  magnetism  changes  if  the  constitu- 
tion of  the  comj^ounds  changes. — The  most  interesting  example 
of  this  kind  is  presented  by  the  cupric  salts,  which  are  strongly 
magnetic  (as,  for  instance,  cupric  chloride  and  cupric 
bromide),  while  the  cuprous  salts  and  also  metallic  copper 
are  feebly  diamagnetic.  Therefore  a  clianiagnetic  metal 
(copper)  combined  with  diamagnetic  elements  {e.g.  bromine) 
may  furnish  magnetic  compounds.  The  basis  of  these  pheno- 
mena is  perhaps  to  be  sought  in  the  occurrence  in  intensit}' 
of  the  molecular  currents  which  condition  diamagnetism  in 
the  molecular  groups  of  metallic  copper— groups  in  them- 
selves very  feebly  magnetic,  but  formed  out  of  well  conduct- 
ing copper  atoms, — while  in  the  molecules  of  its  salts  those 
cnrrents  do  not  meet  with  the  copper  atoms  requisite  to  their 
formation  united  in  equal  measure. 

We  will  subsequently  produce  further  examples  of  altera- 
tions of  molecular  magnetism  with  alteration  of  constitution. 

9.  The  magnetism  of  the  hydrates  of  the  magnetic  metals 
was  determined  according  to  the  same  method  which  served 
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for  the  investigation  of  the  behaviour  of  two  salt-solutions 
with  double  decomposition.  An  aliquot  part  of  the  salt- 
solution  the  magnetism  of  which  was  investimited  in  the  flask 
of  the  torsion-apparatus  was  put  into  the  flask  with  a  quantity 
of  potash  or  soda  lye,  or  liquid  annnonia,  sufficient  to  produce 
])recipitation  ;  with  the  latter  the  flask  was  fllled  up  to  the 
mark,  and  after  agitation,  before  deposition,  the  magnetism  of 
the  hydrate  determined.  The  calculation  of  the  magnetism  of 
the  precipitated  oxide  took  place  as  above,  except  only  that 
from  the  magnetism  of  the  precipitated  solution  that  of  the 
glass  and  the  water,  or  of  the  soda  or  potash  lye  or  the  am- 
monia (which  differed  but  very  slightly  from  that  of  the 
water),  was  deducted. 

If  fMg  denotes  the  molecular  magnetism  of  the  dissolved 
salts  of  the  magnetic  metals,  then  the  molecular  magnetism 
/u.^  of  the  corresponding  hydrates  is  as  follows  : — 

Manganous  hydrate  /i/j  =  0"85/i. 

Ferrous  hydrate     „      1'12 

Cobaltous  hydrate „      1*12 

JNickelous  hydrate „      I'OO 

Cupric  hydrate  „      0*74 

Chromic  hydrate   „     O'Do 

Ferric  hydrate  „     O'GD-l-lS 

The  molecular  magnetism  of  the  ferric  hydrate  changes, 
after  the  addition  of  ammonia  to  a  solution  of  ferric  chloride, 
very  rapidly  from  the  smaller  value  to  the  greater — of  course 
in  consequence  of  the  oxide  passing  out  of  the  colloid  into  the 
ordinary  state  (vide  infra). 

According  to  this  the  molecxdar  magnetisms  of  most  of  the 
hydrates  of  the  peroxides  are  j)artly  but  little  less  or  greater, 
partly  very  apj)roximately  the  same  as  those  of  the  corresjwnd- 
ing  salts  in  their  solutions.  Hence,  taking  into  consideration 
the  altered  density-ratios,  we  may  ])erha[)s  assume  that  these 
values  would,  under  otherwise  similar  circumstances,  be  equal 
to  one  another ;  and  accordingly  the  magnetic  groups  of  atoms 
would  also  remain  unchanged  the  same  in  both  series  of 
compounds. 

10.  Quite  different  from  this  is  the  magnetism  of  colloid 
solutions  of  the  oxides.  A  solution  of  colloid  ferric  oxide,  ob- 
tained by  dialysis  of  a  solution  of  ferric  chloride  digested  with 
ferric  hydrate,  shows,  in  proportion  to  its  content  of  iron,  a 
much  feebler  magnetism  than  a  neutral  and  concentrated 
solution  of  ferric  chloride  or  one  mixed  with  a  large  quantity 
of  acid.  The  molecular  magnetism  of  the  colloid  solution  of 
ferric  oxide  is  accordingly  only  about  0-21  of  that  of  the 
ferric  salts. 
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If  ferric  hydrate  be  dissolved  in  a  not  too  dilute  solution  of 
ferric  chloride  (in  which  latter,  according  to  the  experiments 
to  be  subsequently  mentioned,  the  ferric  chloride  continues 
without  dissociation  almost  unaltered),  the  magnetism  of  the 
solution  is  composed  directly  of  that  of  the  ferric  chloride  and 
that  of  the  colloid  solution  of  ferric  oxide,  as  well  as  that  of 
the  water. 

Such  a  solution  contained  0*177  gram  of  iron  in  the  ferric 
chloride,  0'020  gram  of  iron  in  the  colloid  solution  of  the 
oxide.  Its  observed  magnetism  was  equal  to  30'07,  while  the 
magnetism  of  an  equal  volume  of  a  solution  of  ferric  chloride, 
which  contained  0-394  gram  of  iron,  was  68-31,  and  that  of  a 
solution  of  colloid  ferric  oxide,  which  contained  0"204  gram 
of  iron,  was  7*56.  According  to  this  the  magnetism  of  the 
ferric-chloride  solution  containing  the  oxide  is  calculated  at 

5:5^  X  7-56  +  ^^^x  68-3  =  0-74 +  30-G8  =  31-42,  which  is 
0-204  0-394 

not  far  from  the  value  found.  From  the  diminution  of  the 
magnetism  of  a  dissolved  ferric  salt,  especially  the  salts  of  the 
organic  acids,  it  can  in  other  cases  be  proved  that  a  greater 
or  smaller  portion  of  it  is  decomposed  into  colloid  ferric  oxide 
and  acid  by  dissolving  (see  further  on). 

If  to  a  solution  of  sal  ammoniac  in  ammonia  freshly  precipi- 
tated chromic  hydrate  be  added,  the  latter  dissolves,  producing 
a  deep-dark-red  solution.  Its  magnetism,  obtained  in  the 
round  glass  vessel,  was  as  stated  in  the  following  Table,  in 
which  &  denotes  the  weight  of  chromium  in  10  cubic  centims. 
of  the  solution,  M  the  magnetism  of  the  solution  after  de- 
ducting those  of  the  vessel  and  the  water  or  of  the  sal-annno- 
niac  solution,  a  the  atomic  magnetism : — 

G.  M.  ot. 

Chromic  oxide  in  sal  ammoniac 0-482     155     35-1 

Ferric  nitrate  0-473     453  100 

The  magnetism  of  the  chromium  in  this  solution  is  there- 
fore but  little  inferior  to  (about  0-9  of)  that  of  the  chromium 
in  the  chromic  salts  (4-9). 

When  chromic  oxide  is  dissolved  in  potash  solution,  it 
retains  exactly  the  same  magnetism  as  in  its  combinations 
with  acids.  Thus  the  magnetism  of  20-42  grms.  of  a  solution 
of  chromic  nitrate  in  the  round  glass,  after  deducting  the 
magnetism  of  the  glass,  was  equal  to  44-3  ;  that  of  19*25 
grms.  of  potash  lye  was,  in  like  manner,  equal  to  — G-6  ;  that 
of  the  chromium  in  a  mixture  of  4-72  grms.  of  salt-solution 
and  13-27  grms.  of  potash  lye  was  equal  to  11*1,  while  the 
calculation  of  the  magnetism  of  the  chromium  in  the  solution 
as  it  corresponds  to  the  magnetism  of  the   salts  gives  the 
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nmnber  11  "7.  The  magnetism  of  the  dissolved  chromic  oxide 
was  therefore  about  0'1.)4  of  that  of  the  chromic  oxide  in  the 
salts,  and  nearly  equal  to  that  of  the  [)recipitated  chromic  hy- 
drate: accordingly  we  cannot  well  assume  that  here  the 
chromic  oxide  is  dissolved  in  the  colloid  state;  it  is  much 
more  probable  that  the  chromium  in  the  alkaline  solution  is 
a])proximately  in  the  same  state  as  in  the  peroxide-salts. 

"If  the  chromic  salts,  e.  g.  chromic  nitrate,  be  regarded  as 
consisting  of  Cr2  +  (NOa)^,  then  in  all  salts  in  which  chromium 
in  like  manner  enters  into  a  combination  with  an  electro- 
negative radical  its  atomic  magnetism  should  be  the  same. 
But  if  the  solution  of  chromic  oxid<.'  in  ])otash  were  also  to  be 
looked  upon  as  the  solution  of  a  salt  K2  +  (0  +  Cr203),  the 
chromium  would  then  be  in  quite  another  group  of  atoms 
tlian  that  in  which  it  was  before,  and  it  is  fore-evident  that 
its  magnetism  must  likewise  be  quite  different ;  its  ecjuality 
in  the  alkaline  solution  of  chromic  oxide  is  perhaps  a  jjroof 
that  the  chromic  hydrate  is  dissolved  as  such  unaltered  in  the 
potash  lye,  and  that  it  does  not  enter  into  a  special  electro- 
negative group  of  atoms  combined  with  the  electropositive 
metal  potassium  to  form  a  saline  compound. 

Precisely  similar  is  the  behaviour  of  the  alkaline  solutions 
of  the  salts  whose  precipitation  by  potash  &c.  is  prevented  by 
the  addition  of  organic  substances — for  instance,  solution  of 
cohcdtous  sulphate  mixed  with  grape-sugar  and  potash. 

For  example,  the  round  glass,  filled  up  to  the  mark  with 
19*6  grms.  of  solution  of  cobaltous  sulphate,  showed  the  mag- 
netism 188,  after  deducting  that  of  the  glass  and  water.  Th(^n 
only  8"!  grms.  of  the  solution  were  })oured  into  the  glass,  and 
it  was  filled  up  to  the  mark  with  grape-sugar  solution  and 
potash  lye,  when  no  precipitation  took  place.  After  deduct- 
ing the  diamagnetism  of  the  solvent  (the  grape-sugar  con- 
tiiining  potash  lye),  which  differed  but  little  from  that  of  the 
water,  there  remained  the  magnetism  of  the  cobaltous  com- 
j)ound,  equal  to  57. 

While,  therefore,  the  weights  of  cobalt  employed  in  the 
two  cases  were  proportioned  to  one  another  as  11»'6  : 8"1 
(  =  100  :  41),  the  ratio  of  the  magnetisms  was  as  138:57  (also 
=  100:41).  Here,  then,  the  cobaltous  hydrate  is  also  pro- 
bably dissolved  unchanged ;  a  transition  into  the  colloid  state, 
or  the  formation  of  special,  differently  grouped  compounds 
cannot  with  likelihood  be  assumed. 

[To  be  coutinued.] 
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[Plate  III.] 

IV. 

22.  "VXT'E  must  now  consider  the  case  of  a  compound  gas 
▼  »  Avhose  molecule  is  diatomic,  and  which  is  formed 
by  the  combination  of  two  elementary  gases  A  and  B.  We 
will  denote  the  atoms  of  A  and  B  by  the  letters  A,  B,  and  the 
molecules  of  the  three  gases  by  AA,  BB,  AB.  The  constants 
required  will  be  eighteen — viz.  the  three  blows  required  to 
break  up  AA,  BB,  and  AB,  and  the  mean  effective  distances 
between  every  pair  of  AA,  BB,  AB,  A,  B,  the  number  of 
which  is  fifteen. 

Let  Ci,  Co,  c  be  the  respective  blows  required  to  break  up 
AA,  BB,  AB,  and  let  the  mean  effective  distances  be  given 
by  the  following  Table,  where  the  arrangement  is  obvious: — 


AA 

BB 

AB 

A 

B 

AA 

Sll 

Si2 

^"10 

'"13 

'"14 

BB 

'"^12 

'''22 

-"20 

'"23 

'"24 

AB 

«10 

'*20 

'^'oo 

'"30 

•"40 

A 

'"13 

'*'23 

•"30 

*33 

^34 

B 

^U 

'"24 

'"40 

'"34 

'"44 

Let  also  the  numbers  of  x\A,  BB,  AB,  A,  B  be  ,r,  y,  z,  a/ ,y\ 
Then,  remembering  that  the  masses  are  2mi,  2?/i25  mx-rin^, 
mi,  Wg, 

dx 


dt 


=  gain  of  molecules  of  K  per  unit  of  time 

=  number  of  collisions  of  A  with  A  with  blow  <fj 
—  number  of  collisions  of  AA  with  blow  >  Cy 

^   \       Umirn.,    e  f  J 


hn-im^ 
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Fie-.2. 


b,       6. 


Fxg.3. 
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*  =  2^3[...], 

2.r  +  c  +  x'  =  numl)cr  of  A  present  =  Ni  say, 
2y  +  ^+/  „  B       „       =N2saj. 

For  the  sake  ot"  simplicity  wc  will  write  the  above  equations 
thus: — 

1       dx 

z\/  irtf  "f 

77-7--=^  77  =  ^44/"  — ^{  "21'^'  +  2r/22y  +  (^20-  +  f'23'*'''  +  "242/'  }, 

1       ^2: 

=7:  77  =  «34-^''y'  — -  {  «01-C  +  «u2y  +  ^f'oo^  +  ^'03'^''  +  f'QiU'  }  , 


;(i) 


2  v/73^  ^/^ 

2.l-  +  £:  +  ./  =  Ni, 

2y  +  .-+y=N2, 


where 


/'7       PI  V      /«^?nj  V       Am  )n^    6  I 

a    =  .v^  A  A^  +  ^g  Exp  (  -  ^"P  + '''"  /i\, 


(2) 


V    1 
except  for  ^33,  a^^,  aj^. 

When  the  gas  is  in  its  stable  state, 

dx  _dy  _  dz  _  „ 
di~dt~7[t~    ' 

and  we  get  five  equations  to  determine  ihe  five  unknowns, 
X,  y,^  z,  X  ,  y  . 

We  can  at  once  reduce  these  to  three  equations  of  the 
second  degree  in  ,v,  y,  z  by  eliminating  y' ,  z'  by  means  of  the 
last  two.  As  Ave  shall  chiefly  have  to  do  with  gases  mixed  in 
their  chemical  proportions,  we  will  suppose  for  the  future  that 
Ni  =  N2  =  N  (say).  Then  dividing  equations  (1)  by  N'^,  and 
(2)  by  N,  we  may  regard  a-,  y,  z  as  the  proportions  of  AA, 
13B,  AB  to  the  whole  number  of  A  or  B  present. 

23.  In  general,  from  three  equations  of  the  second  degree 
between  three  unknowns  we  shall  get  eight  sets  of  solutions. 
But  all  the  solutions  of  equations  (1)  may  not  suit  our  pur- 
pose. We  must  reject  as  unsuitable  all  imaginary  roots,  all 
negative  roots,  and  all  positive  roots  in  which  x  or  y>^,  and 
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z,  x'  ^  or  y'  >\\  that  is,  the  roots  must  be  such  that 

X  and  3/  >  0  <  ^, 

z,     \-z-%v,     l-^-2y>0<l. 

If  we  regard  x,  y,  z  as  coordinates  of  a  point  in  space,  this 
condition  asserts  that  the  point  may  lie  anywhere  within  a 
pyramid  whose  base  is  a  square  having  the  axes  of  x  and  y  for 
adjacent  sides  and  the  length  of  a  side  =  \,  and  whose  vertex 
is  on  the  axis  of  2;  at  a  height  1  from  the  origin.  It  can  be 
sliown,  as  follows,  that  we  always  have  one,  and  only  one, 
solution  of  the  above  equations  satisfying  these  conditions. 

Let  0  A,  0  B,  0  C  (Plate  HI.  fig.  1)  be  the  axes  of  coordi- 
nates, 0  A  D  B  C  the  pyramid  within  which  (.r,  y,  z)  must 
lie.  The  three  equations  (1)  represent  three  quadrics ;  and  we 
have  to  show  that  they  have  one,  and  only  one,  intersection 
within  this  pyramid ;  and  this  we  shall  do  by  proving  that 
they  divide  the  pyramid  in  such  a  way  that  they  must  cut  one 
another  at  some  one  point  within,  and  at  only  one.  Taking 
the  first,  or 

«33(1  —z  —  2xy—x  j  2anx  +  ai2y  +  a^oz  +  ai^x'  +  auy'\  =  0, 

we  see  that  it  has  a  generating  line  through  C  parallel  to  0  B  ; 
also  it  cuts  both  0  A  and  B  D  between  0,  A  and  B,  D.  For, 
putting  z=y  =  0,  we  have,  to  find  x, 

(733(1  —  2xy—x^  2aiiX—2aisX  +  «i3  +  «u|-  =0: 

when  x  =  0  this  is  positive,  and  when  x=:^  it  is  negative  ;  thus 
there  is  one,  and  only  one,  root  between  0  and  A.  Similarly 
there  is  one,  and  only  one,  between  B  and  D.  Thus  the  sur- 
face divides  the  pyramid  into  two  portions  by  a  diaphragm 
extending  from  C,  and  intersecting  the  faces  C  0  A,  C  B  D, 
and  the  base. 

Similarly  the  second  surface  divides  the  pyramid  by  a  dia- 
phragm extending  from  C,  and  intersecting  the  faces  COB, 
CAD,  and  the  base.  Therefore  they  must  intersect  on  a 
simple  curve  extending  from  C  to  a  point  E  in  the  base,  and 
lying  between  wholly  within  the  pyramid. 

The  third  quadric  has  B  U,  D  A  for  generating  lines,  and 
also  cuts  0  C  in  one,  and  only  one,  point.  For  putting 
,'cz=y  =  Oj  we  have,  to  find  z, 

«34(1-  —  ^)' — -  {  ^^'00-  +  (^03  +  «04)(1  — ^)  }  =  0, 

which  is  positive  when  ,^  =  0,  and  negative  when;r=l.  Hence 
this  again  divides  the  pyramid  by  a  single  continuous  dia- 
phragm extending  from  B  D,  D  A  across  to  a  point  in  0  C  ; 
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and  it  must  therefore  cut  the  curve  C  E  at  one  point,  and 
only  one. 

24.  That  the  equations  possessed  at  least  one  set  of  solu- 
tions answering  the  given  conditions,  we  might  have  known 
a  priori,  since  the  hypothesis  is  a  possible  one,  and  being  a 
possible  one,  must  have  some  real  solution.  But  we  could 
not  assert  beforehand  that  there  could  only  be  one  ;  and  this 
last  result  is  most  important,  since  it  shows  us  that  our  hypo- 
thesis is  not  sufficient  to  account  for  the  fact  that  a  mixture  of 
two  gases  may  exist  at  the  same  temperature  in  two  different 
states,  as,  for  instance,  N  +  0  and  NO.  From  a  priori  consi- 
derations we  might  have  thought,  as  I  stated  in  §  6  *,  that 
two  such  states  could  be  possible.  But,  further,  not  only  does 
it  show  that  the  particular  hypothesis  of  dissociation  we  have 
used  is  inca})able  of  explaining  this  fact,  but  it  also  leads  us 
to  conclude  that  no  other,  depending  on  mutual  influence  as 
affected  by  the  motion  of  translation,  is  sufficient  for  the  ex- 
planation. 

25.  If  we  consider  fig.  1,  we  see  that  the  reason  why  we  can 
only  have  one  suitable  solution  is  that  the  surfaces  cut  0  A, 
OB,...  in  only  one  point.  If,  for  instance,  0  A,  B  D  were 
cut  in  two  points,  then  we  should  get  two  solutions  ;  if,  in  ad- 
dition, 0  B  and  A  D  were  cut  in  two  points  we  should  get  four 
solutions ;  and  if  0  C  were  also  cut  in  two  points  we  should 
get  five  solutions,  and  possibly  eight.  Hence,  in  order  to  have 
two  solutions,  one  of  the  three  lines  0  A,  OB,  0  0  must  be 
cut  in  two  points.  A  glance  at  the  equations  will  show  that 
this  can  only  be  the  case  if  the  A,  B,  and  0  molecules  are 
formed  each  in  more  than  one  way.  One  way  of  obtaining 
this  is  to  suppose  that  when  two  molecules  impinge,  the  atoms 
sometimes  interchange  :  thus,  for  example,  when  two  mole- 
cules A  A  and  B  B  impinge,  the  result  afterwards  may  be  two 
molecules  of  C  ;  or  when  a  molecule  A  A  and  an  atom  B  im- 
pinge, the  result  may  be  an  atom  A  and  a  molecule  of  C,  &c. 
If  we  were  to  take  this  into  account,  our  equations  would  then 
be  of  the  form 

asa^^  +  A-y  +  C^2 - hxy' - x \ 2an^v  +  ...\=0,  ^ 

«44 j/'2  +  Bzy'  +  Cz^  —  Mt/a;'  —y  \  a^^x  +  . . .  t  =  0, 
a^,x^y'  +  l,xy'  +  M?/.r'  -  20^^  -  kzx'  -  Bzy'  \ 

-z\aoiX+...\=0.j 
But  if  we  now  treat  these  new  equations  in  the  same  way  as 
the  former  we  shall  find  that  we  are  no  better  off",  and  that  we 
can  get  only  one  suitable  solution. 

26.  Another  modification  of  our  hypothesis  suggests  itself. 

•  Phil.  Mag.  June  1877. 
Phil.  Mag.  S.  5.  Vol.  4.  No.  24.  Sept.  1877.  N 
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We  know  that  the  mean  internal  energy  of  the  molecules  is  in 
a  constant  ratio  to  the  energy  of  agitation ;  and  it  is  also 
highly  probable  that  when  the  internal  energy  of  a  particular 
molecule  is  greater  than  a  certain  quantity,  the  molecule  can 
no  longer  exist.  This  would  modify  the  distribution  of  the 
velocities  slightly ;  but  the  number  breaking  up  in  any  time 
from  this  cause  will  be  expressed  by  the  number  of  molecules 
existing  multiplied  by  a  coefficient  which  is  a  function  of  the 
temperature.  This  only  adds  to  the  equations  terms  of  the 
form  —\x,  —fJi'y,  — yz,  and,  as  before,  we  shall  only  get  one 
set  of  solutions.  None  of  these  hypotheses,  then,  accounts 
for  more  than  one  state  of  a  gas  at  a  given  temperature.  Is 
it  possible  that,  as  some  think,  the  action  between  two  atoms 
is  alternately  attractive  and  repulsive,  and  hence  that  colli- 
sions with  blows  between  (say)  c  and  c'  make  the  molecule 
split  up,  those  with  blows  between  c'  and  c"  produce  a  combi- 
nation, &c.,  where  c<c'  <c"  <..  ."^  It  is  probable  that  in  this 
case  two  states  of  the  gas  at  the  same  temperature  may  be 
possible  ;  but  the  reactions  appear  too  complicated  and  arbi- 
trary to  be  consistent  with  the  general  simplicity  of  nature. 

Any  hypothesis  which  would  allow  us  to  write  the  first  two 
equations  in  the  form 

ai^{u—xy  —  x\  . . .  ^  =0,  &c., 

where  a  is  a  positive  function  of  the  temperature  <  \,  might 
allow  two  or  more  states,  as  is  evident  by  putting  ^=0,  .r=a, 
a;  =  ^  in  succession,  when  the  left-hand  member  becomes  posi- 
tive, negative,  and  possibly  positive  alternately.  But  I  cannot 
see  any  physical  justification  for  this  form.  We  seem  driven, 
then,  to  the  conclusion  that,  though  dissociation  may  exist  to 
some  extent  at  all  temperatures,  it  is  not  sufficient  to  account 
for  the  fact  that  two  gases  may  exist  combined  or  uncombined 
at  the  same  temperature.  Some  modification  will  therefore  be 
necessary  ;  but  what,  is  not  clear  :  most  probably  a  combina- 
tion of  the  three  just  suggested. 

27.  Whatever  our  hypothesis  may  be,  not  only  will  it 
be  necessary  that  the  solutions  of  our  equations  satisfy  the 
relations  in  §  23,  but  they  must  be  such  that  the  resulting 
state  of  the  gas  is  a  stable  one.  It  is  necessary  therefore  to 
determine  the  conditions  of  stability.  Suppose,  after  elimina- 
ting x'  and  y',  that  the  equations  are 

dx      . .  .1 

dz       ,  ,  . 
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To  find  the  state  of  equilibrium  of  the  gas,  we  must  put 
dos  _dy  _dz _^ 
dt  ~  dt  ~  dt~ 

Suppose  Xi,  yi,  z^  one  set  of  roots  of  the  resulting  equation. 
This  will  give  a  stable  state  to  the  gas  if,  when  .i\,  y^,  Zy  reeeivo 
any  small  variations,  the  gas  tends  to  return  to  its  former 
state.  Suppose  that  Xi,  y^,  Zx  are  disturbed  to  x^  +  ^,  ?/i  + »;, 
Zi  +  f ;  then,  by  Taylor's  theorem,  since /i(»t'i,  yi,  2:1)  =  0,  &c., 

dt       dxi         dyi         dzi ' 


dfz 


dt 
dK 


dt      dx'i 


'J 


and  these  equations  must  be  such  that  f,  rj,  f  never  become 
large,  and  ultimately  vanish.     To  solve  them  we  put 

1=^6^^',     77=/8e*',     ^=ye^', 

and  obtain,  in  the  ordinary  way,  to  find  X,  the  equation 

=  0.. 


dA     . 
dx     ^' 

dfx          dfx 
dy           dz 

#2 
dx' 

dfi.     ^         df^ 
dy      ^'       dl 

dfs 
dx' 

dfj,       4f3_^ 
dy '       dz 

This  is  a  cubic ;  and  we  therefore  get  three  values  of  A,,  say  Xj, 
X^,  Xs-    Whence 

^= a^e^i'  +  ot^^f -I- «3e^3'j     7}=  . . . ,     ^=  . . .  . 

There  will  be  two  cases,  according  as  all  the  roots  are  real  or 
two  imaginary: — 

I.  All  real.     Here  the  single  condition  that  ^  &c.  may  not 
increase  is  that  Xj,  Xj,  X3  must  all  be  negative. 

II.  One  real  (X^)  and  two  imaginary  {X±/jbi).     In  this  case 

|  =  aie^i'  +  a2d^<COs(/x«  +  a3),     V='--,      ^=  .  . .  . 
Here,  then,  X^  and  X  must  both  be  negative.     Both  cases  are 
contained  in  the  statement  that  the  real  part  of  the  roots  of  the 
cubic  must  be  negative. 

^  The  two  cases  belong  to  two  totally  different  kinds  of  sta- 
bility. In  case  I.  the  gas  returns  directly  to  its  normal  state, 
but   only    arrives   exactly    at  it  after  an  infinilo  time.     In 

N2 
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case  II.  the  gas  returns  to  its  normal  state  by  oscillations 
through  it,  whose  amplitude  continually  diminishes  without 
limit. 

28.  As  the  temperature  of  the  gas  increases,  the  propor- 
tions vary  in  general  continuously ;  so  that,  if  two  states  are 
possible,  the  state  at  any  time  will  depend  on  its  previous 
history.  If  one  set  of  solutions  remains  real  and  gives  a 
stable  state  at  all  temperatures,  we  may  call  that  a  normal 
state  of  the  gas.  For  instance,  in  the  case  of  hydrogen  and 
oxygen,  that  set  which  answers  to  the  state  of  steam  is  the 
normal  state  :  as  the  temperature  increases,  the  proportions  of 
water-vapour,  hydrogen,  and  oxygen  vary  continuously  and 
always  give  a  stable  state.  On  the  other  hand,  that  set  which 
answers  to  the  state  2H  +  0  is  not  normal:  as  the  temperature 
rises,  the  proportions  vary  continuously  up  to  a  certain  tem- 
perature, when  they  produce  an  unstable  state ;  and  the  gas 
changes  abruptly  into  a  more  stable  one,  which  may  be  a  nor- 
mal state  or  one  whose  point  of  instability  is  at  a  higher  tem- 
perature. 

Any  non-normal  state  may  change  into  a  normal  state ;  but 
a  normal  state  cannot,  by  mere  alteration  of  temperature  with- 
out external  influence,  be  changed  into  a  non-normal  one. 
For  instance,  steam  may  be  heated  up  to  a  point  where  there 
is  scarcely  any  projiortion  of  H2  0,  but  if  it  be  cooled  back  it 
will  change  continuously  to  its  former  state.  If  2  H  +  0  be 
heated  up  to  the  same  temperature,  at  a  certain  temperature 
we  get  a  sudden  change  to  the  normal  state  of  steam  ;  then 
the  proportions  vary  as  in  the  former  case,  and  as  the  tempe- 
rature falls  it  does  not  pass  back  to  its  former  state  of  2  H  +  0. 
In  order,  therefore,  to  obtain  a  gas  in  a  non-normal  state  wo 
must  bring  some  external  influence  to  bear  on  it. 

21).  As  the  temperature  increases,  two  sets  of  solutions  may 
become  equal.  To  which  set  will  the  gas  belong  as  the  tem- 
perature increases  or  decreases  through  this  point  ?  In  general, 
if  any  disturbance  occurs,  such  as  increase  of  temperature,  a 
certain  time  is  required  for  the  gas  to  adjust  itself  to  its  new 
conditions.  Woiild  that  state  be  taken  up  which  most  quickly 
adjusts  itself?  In  this  case  we  may  learn  something  from  the 
stability-equation  in  §  27. 

If  two  solutions  become  equal,  then  the  intersection  of  two 
of  the  surfaces 

must  touch  the  third.  Let  .rj,  y^,  z^  be  such  a  point;  /,  ?»,  n 
the  direction-cosines  of  intersection  of  fi  and  /j.     Then 
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also 


dx 

=  ()j 

dx 

•     • 

=  0; 

'Ml,  % 

dx      dy 

dj, 
dz 

=  0. 

dh 

dx 

Hence  wo  see  that  tlio  siahility-cubic  is  satisfied  by  \=0 ;  or 
for  certain  disturbances  in  tlio  gas,  it  tends  to  nitain  them, 
and  for  those  disturbances  we  must  take  into  consideration 
quantities  of  the  second  degree. 

30.  If  wo  could  solve  generally  the  equations  in  §  22,  we 
sliould  then  bo  able  to  determine  the  relative  (iffocts  of  tho 
radii  of  action  and  of  tho  dissociation-temperatures  on  the  re- 
sulting state  of  the  compound.  But  all  we  can  do  is  to  give 
numerical  values  to  th(5  constants  involved,  determine  tho  cor- 
responding states  in  several  typical  cases,  and  inl'er  g(^neral 
laws.  This  work  is  groat,  and  tho  result  scarcely  worth  tho 
labour ;  but  in  one  pur(!ly  imaginary  case  tho  equations  become 
simpler,  viz.  when  the  two  component  gases  are  mechanically 
similar.      In  this  case   I   find,  supposing  0^  =  02=  f^ 6^,  and 

.S33= —=.Si,  that  .?;  =  ?/,  ,'c'=y'  gives  the  single  suitable  solu- 
tion, and  that  the  relations  between  x,  z  at  different  tempera- 
tures are  given  by  the  abscissae  and  ordinates  of  the  curve  in 
fig.  2,  tho  corresponding  values  of  .?/  being  \/5x  distance 
from  A  B.  The  curve  outside  GAB  represents  a  set  of  un- 
suitable solutions  in  which  x'  is  negative.  From  this  tho 
curves  in  fig.  3  have  been  laid  down.  The  abscissae  represent 
tho  temperatures  in  terms  of  0E  =  ^„,  tho  ordinates  of  AB 
the  proportion  of  compound  molecules  to  moving  particles, 
and  tho  ordinates  of  C  1)  the  proportion  of  moving  j)articles  to 
the  whole  number  of  atoms,  0  A  being  unity.  It  is  notice- 
able that,  as  the  temperature  increases,  the  proportions  of  com- 
pound vary  very  slightly  at  very  low  temperatures,  then  vary 
very  rapidly,  and  again  very  slowly  at  temperatures  above  0^. 
If  ^(j  =  5000,  then  at  a  temperature  of  527  C  tho  proportion 
of  compound  is  about  |.     It  may  also  be  noticed  that  x  first 
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increases  and  then  decreases,  whilst  z  decreases  and  x/  in- 
creases continually  as  the  temperature  rises,  so  that  the  gas 
has  the  same  proportion  of  A  or  B  at  two  temperatures.  For 
this  type  of  gas  the  stability-cubic  is  easily  solved  ;  for  since 

d.v      dy      dy       dx      dz       dz       dx       dy 
we  may  write  the  cubic  in  the  form 

Af — \,         a,  h  =0 ; 

a,         K  —  \,      h 
c,  e,     k' —\ 

one  root  of  which  is 

dx       dx 
and  the  others  are  found  by  the  quadratic 

1,      -1,        0  '   =0. 

a,     K — \,       h  I 

c,         t',  k' — X  I 
It  may  be  noticed  that 

g  -  ^f  =  -  {4a33  +  2a^^)x'  +  4.a,^x  +  a^^\ , 

and  is  therefore  a  negative  quantity. 

31.  I  have  also  worked  out  the  case  of  a  compound  gas  with  a 
diatomic  molecule,  in  which  the  masses  of  the  components  are 
nearly  equal  (mi  =  14,  m2  =  16),  the  radii  of  action  the  same  as 
those  of  NN;  OO;  and  NO,  and  ^i  =  |  6^,  6>2  =  f  ^o-  The  results 
are  exhibited  by  the  curves  in  fig.  4.  The  thick  black  curve 
A  B  represents  the  relation  between  the  numbers  of  compound 
molecules  AB  and  the  temperature ;  the  thin  curves  OC,  00' 
give  the  numbers  of  A  A  and  B  B  molecules  respectively,  and 
0  D,  0  D'  those  of  the  A  and  B  atoms ;  in  each  case  the  dotted 
curve  belongs  to  the  B  component. 

These  curves  show  us  at  a  glance  what  happens  as  the  tem- 
perature increases  from  zero.  At  zero  the  whole  gas  is  in  the 
compound  state.  As  the  temperature  rises,  at  first  very  little 
dissociation  takes  place ;  and  then  a  small  proportion  of  the 
compound  becomes  gradually  dissociated,  but  the  dissociated 
atoms  chiefly  recombine  at  once  to  form  A  A  and  B  B  mole- 
cules. As  the  temperature  still  further  increases  to  about  \  6^, 
the  dissociation  of  A  B  takes  place  very  rapidly,  most  of  its 
dissociated  atoms  now  remaining  so,  but  some  still  recombi- 
ning  to  form  A  A  and  B  B.     At  about  ^  0^^  or  ^  6i  the  number 
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of  dissociated  atoms  and  of  molecules  of  A  A  and  B  B  become 
equal.  As  the  temperature  still  further  rises,  the  numbers  of 
molecules  of  A  A  and  B  B  become  a  maximum  somewhere 
about  ^6q,  after  which  they  become  less  and  less,  whilst  at  a 
temperature  near  ^  0^  the  number  of  dissociated  atoms  of  A 
or  B  is  about  equal  to  the  number  of  molecules  of  A  B.  From 
this  point  the  dissociation  of  A  A,  B  B,  and  A  B  takes  place 
pretty  uniformly,  until  at  an  infinitely  great  temperature  they 
cease  to  exist,  whilst  the  number  of  A  or  B  atoms  increases 
correspondingly  up  to  N. 

32.  The  final  conclusion  we  must  draw  is  that  an  hypothesis 
which  depends  for  the  explanation  of  chemical  combination 
on  the  dissociation  of  the  component  molecules,  and  combi- 
nation of  the  dissociated  atoms  by  any  simple  law  of  attrac- 
tion, is  not  sufficient  to  account  for  all  the  phenomena;  but  it 
seems  as  if  the  action  between  two  atoms  must  be  a  compli- 
cated one.  It  may  easily  be  shown  that,  unless  there  be 
dissociation  at  all  temperatures,  the  dissociation  at  high  tem- 
peratures cannot  be  explained  simply  on  the  supposition  that 
the  internal  energy  of  the  molecule  is  too  great  to  allow  it  to 
exist.  For  let  Q<,  Q^^  be  the  heats  of  combination  of  two  gases 
(masses  nii,  m^)  at  temperatures  t  and  o  respectively,  Ci,  Cg,  c 
the  specific  heats  at  constant  volume  of  the  components  and 
compound  ;  then  by  combining  the  gases  at  temperature  t, 
cooling  the  compound  to  zero,  decomposing,  and  heating  the 
mixed  gases  up  again  to  temperature  t,  we  may  show  that 

Qt  =  Qo  —  {  ('^H  +  ^^h)c  —  "h^i  —  '"2^2 }  i- 

Now  suppose  t  to  be  the  temperature  at  which  dissociation  of 
the  whole  would  suddenly  take  place,  then  clearly  Qj  =  0,  and 
we  should  have 

Qo 


(mi  +  m2)c  —  mi(\  —  ni2C.2 


In  the  case  of  a  diatomic  perfect  gas,  c  =  Ci  =  C2  and  t  =  yo  ;  or 
no  dissociation  could  take  place  unless  Qq=0,  /.  e.  unless  there 
is  never  any  combination.  But  gases  are  only  nearly  perfect, 
and  consequently  the  denominator  in  the  above  will  be  ex- 
tremely small :  e.  g.  if  we  take  the  case  of  Hg  0,  and  suppose 
that  the  specific  heats  remain  the  same  at  all  temperatures,  we 
shall  find  that  t  has  a  value  which  must  bo  greater  than 
04,000°  C ;  and  we  know  that  steam  is  almost  wholly  decom- 
posed at  temperatures  far  below  this. 

33.  So  nmch  we  gather  as  to  the  chemical  properties  of 
gases.  The  physical  properties  of  simple  elementary  gases 
were  discussed  in  the  previous  paper  with  a  somewhat  more 
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satisfactory  result ;  though  a  mistake,  pointed  out  in  the  July 
Number  of  this  Journal,  renders  the  reasoning  less  convincing. 
When  the  correction  is  made  it  will  be  found  that  the  ratio  of 
the  specific  heats,  when  ^^,=5000,  is  not  1'4,  but  much  smaller. 
For  some  value  of  6^  between  100°  and  5000°,  probably  about 

c' 
500°,  the  value  of  -  will  become  1*4 ;  but  then  ^  will  be  some- 
thing near  "4,  and  about  three  fifths  of  the  gas  will  be  in  a 
state  of  dissociation.  This  we  cannot  allow ;  for  though  we 
might  explain  the  near  equality  of  the  pressures  and  specific 
heats  of  different  gases  by  supposing  that  6^  is  the  same,  or 
nearly  the  same,  for  each,  yet  the  constancy  of  the  specific 
heats  with  respect  to  temperature  will  not  now  hold  even  ap- 
proximately. The  difficulty  as  to  the  ratio  of  the  specific  heats 
therefore  still  remains. 


XXIII.    On  an  ApparaUis  to  illustrate  the  Interference  of  tioo 
Plane  Waves.     By  C.  J.  Woodwakd,  B.Sc* 

THE  effect  produced  by  the  simultaneous  propagation  of 
two  or  more  plane  waves  is  in  a  few  simple  cases  easily 
realized ;  in  others,  howevei',  the  mind  is  somewhat  harassed 
in  ascertaining  what  will  be  the  resultant  wave  made  up  of 
certain  given  elements.  The  apparatus  I  am  about  to  describe 
is  intended  to  assist  the  student  by  enabling  him  to  draw  for 
himself  the  required  resultant  wave  ;  or  the  apparatus  may  be 
used  in  the  class-room  to  illustrate  the  general  subject  of  in- 
terference. 

So  far  as  I  know,  the  only  apparatus  of  the  kind  in  use  by 
lecturers  is  one  based  on  the  method  described  by  Dr.  Young 
(Natural  Philosophy,  Lecture  xxxiii.)  ;  but  here,  to  obtain 
any  variety  of  effects,  a  series  of  dissected  waves  are  required, 
and  these  are  troublesome  to  make  or  expensive  to  purchase ; 
whereas  with  the  arrangement  I  now  exhibit  to  the  Society, 
when  once  the  framework  of  the  apparatus  is  made,  combina- 
tions of  any  desired  waves  may  be  drawn,  with  merely  the 
trouble  incidental  to  cutting  out  the  required  waves  in  card- 
board or  thin  tin. 

The  apparatus  consists  of  a  board,  A  A,  about  3  feet  long, 
2  feet  wide,  and  1  inch  thick,  set  upright  on  a  base-board  B. 
A  strip  of  cardboard,  C,  is  fastened  by  drawdng-pins  to  the 
board ;  and  on  this  is  drawn  the  compound  wave  resulting 
from  the  two  component  waves  W,  W'.  These  component 
waves  are  cut  out  of  strong  cardboard  or  tin,  and  can  be  easily 
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and  quickly  placed  in  position  by  letting  down  the  flaps  F,  F^ 
D  is  a  stout  mahogany  board,  with  a  wedge-shaped  groove  in 

FiR.  1. 
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Moving  the  boards  D,  E,  F  from  right  to  left  by  means  of  the  handle 
H  traces  the  wave  W",  a  combination  of  the  waves  W  and  W. 

it  sufficiently  wide  to  allow  the  board  E  to  slide  freely  up  and 
down.  A  handle,  H,  is  secured  to  the  board  D  to  enable  the 
operator  to  move  D  from  one  end  of  A  to  the  other.  Tlie 
board  E  has  a  pulley  fastened  to  its  lower  part;  and  this  pul- 
ley runs  on  the  tin  wave  W,  so  that  if  the  board  D  be  moved 
horizontally,  the  sliding  board  E  will  rise  and  fall  as  the  pul- 
ley passes  over  W  ;  and  of  course,  were  there  a  pencil  attached 
directly  to  E,  the  pencil  would  trace  a  curve  the  same,  or  very 
nearly  the  same,  as  that  of  the  wave.  The  sliding  board  E 
has  also  a  wedge-shaped  groove  cut  in  it  to  allow  the  board  F 
to  slide  vertically ;  and  to  F  is  also  attached  a  pulley,  which 
runs  on  the  wave  W'.  With  the  upper  board  F,  as  with  the 
lower,  if  the  pulley  be  made  to  traverse  the  wave  W,  a  pencil 
fastened  to  F  would  trace  a  wave  corresponding  to  W'.  The 
pencil  (or,  more  .properly,  pen)  used  in  the  apparatus  consists 
of  a  thistle-funnel,  with  the  tube  drawn  out  so  as  to  have  an 
opening  of  only  a  fraction  of  a  millimetre.  The  tube  is  bent 
as  shown  in  the  figure  at  G  ;  and  the  drawn-out  part  presses 
gently  against  the  cardboard  C.  To  charge  the  pen,  some 
violet  ink  is  poured  into  the  thistle-funnel,  which  is  then  closed 
with  a  cork. 

The  action  of  the  apparatus  will  easily  be  understood.  As 
the  board  D  moves  along,  the  board  E  rises  and  falls  ;  and  this 
by  means  of  a  roller  causes  the  wave  W  to  rise  and  fall  to 
each  elevation  and  depression  of  the  wave  W  below.     Now 
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the  board  D  as  it  mo^'es  along  carries  with  it  the  sliding 
board  F  with  the  attached  pencil ;  and  as  this  board  F  is  car- 
ried along  it  rises  and  falls  to  the  elevations  and  depressions 
of  the  wave  W.  But,  as  has  been  said,  it  also  rises  and  falls 
to  the  wave  W  :  the  motion  of  the  pencil  is  therefore  the  alge- 
braic sum  of  the  forms  of  waves  W  and  W.  In  the  figure 
the  waves  W  and  W  are  of  the  same  length  and  amplitude 
and  correspond  in  phase,  so  that  the  tracing  W"  is  a  wave  of 
the  same  length  but  twice  the  amplitude  of  the  waves  below. 
By  moving  the  wave  W  to  the  right,  its  phase  may  be 
made  i,  i  &c.  of  an  undulation  different,  and  a  fresh  tracing 
obtained.  By  removing  the  wave  W  and  inserting  succes- 
sively others  of  different  lengths  and  amplitudes,  various  com- 
bined waves  are  traced  out  on  moving  the  board  D  along.  A 
few  tracincrs  obtained  by  the  apparatus  are  represented  in 
%.  2. 

Fig.  2. 


The  wave  C  results  in  each  case  from  the  superposition  of  the  waves  A 
and  B  immediately  below  C. 

In  order  that  the  frame  carrying  the  wave  W  may  rise  and 
fall  freelv,  the  brackets  K,  K  are  linked  together  at  the  back 
of  the  board  bv  a  parallel  motion,  used  in  the  Cowper  printing- 
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machine,  and  which  will  be  found  described   in  Goodeve's 
'  Elements  of  Mechanism,'  3rd  edit,  page  (^Q. 

It  is  obvious  that  by  an  extension  of  the  same  principle  an 
apparatus  could  be  made  to  give  the  tracing  of  a  coml)ination 
of  three  or  more  waves.  To  do  this,  however,  the  mechanical 
arrangements  must  be  much  better  than  in  the  comparatively 
rough  instrument  1  have  exhibited. 


XXIV.  On  Chemical  Classification.  By  M.  M.  Pattison  Muir, 
F.R.S.E.,  Assistant  Lecturer  on  Chemistry,  The  Owens  Col- 
lege, Manchester. 

[Continued  from  p.  99.] 

18.  TT^ROM  what  has  been  said  in  the  preceding  paragraphs, 
-I-  it  is  apparent  that  to  fix  the  valency  of  an  element  is 
a  most  difficult  task.  I  think  it  is  also  apparent  that  at  pre- 
sent it  is  only  from  gaseous  compounds  that  we  can  look  for 
much  help  in  this  task.  So  difficult  is  it  to  determine  the 
valency  of  an  elementary  atom  that  many  chemists  have  been 
inclined  to  regard  each  element  as  possessed  of  several  valen- 
cies varying  with  the  compounds  which  the  element  forms. 
Thus  carbon  in  carbonous  oxide  would  be  regarded  as  a  dyad, 
and  in  carbonic  oxide  or  in  marsh-gas  as  a  tetrad.  Other  chemists 
have  regarded  the  power  of  combining  with  a  definite  number 
of  hydrogen,  chlorine,  &c.  atoms  as  an  essential  and  unalter- 
able property  of  the  elementary  atom.  To  say  that  the  atom 
of  an  element  is  now  divalent,  now  trivalent,  to  attempt  to 
explain  the  differences  between  compounds  by  means  of  the 
hj-pothesis  of  "varjdng  valency"  is,  as  Lothar  Meyer  has 
well  pointed  out,  to  vouchsafe  no  explanation  at  all.  What  is 
required  from  the  upholders  of  the  "  varying-valency  "  theory 
is  a  reference  of  the  different  valencies  exhibited  by  one  and 
the  same  element  to  some  distinct  and  definite  cause.  The 
question  at  issue  is  most  distinctly  stated  in  Meyer's  work 
already  referred  to  (2nd  edit.  pp.  244,  245),  '^  Is  every  elemen- 
tary atom  capable  of  combining  with  a  certain  definite  number 
of  other  atoms  ?  and  is  this  power  solely  dependent  upon  the 
nature  of  the  matter  composing  the  atom,  or  is  it  also  condi- 
tioned by  outward  circumstances?  " 

The  general  facts,  some  of  which  have  been  enumerated  in 
paragraphs  15,  16,  and  17,  appear  to  me  to  justify  one  in  con- 
cluding that,  probably,  the  capacity  of  saturation  of  each  atom 
is  an  essential  and  definite  property  of  the  atom,  dependent 
upon  the  nature  of  the  matter  composing  the  atom,  but  that 
this  power  is  capable  of  being  modified  or  conditioned  by  ex- 
traneous influences.     Whether  these  extraneous  influences  are 
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capable  of  modifying  the  general  action  of  the  elementary 
atom,  or  whether  they  are  capable  of  bringing  about  changes 
in  the  inner  mechanism  of  the  atom  itself,  in  which  case  we 
should  have  an  explanation  of  "  varying  valencies,"  must  at 
present  remain  undecided.  Summing  up  the  evidence,  Meyer 
asserts  (and,  it  seems  to  me,  truly  asserts)  that  we  are  justified 
at  present  in  regarding  the  "  elementary  atoms  as  fixed  mag- 
nitudes, and  the  composition  of  compounds  as  deducible 
(1)  from  the  unchanging  valency  of  these  atoms,  and  (2) 
from  the  changing  circumstances  under  which  this  valency  is 
exercised,  or  by  which  it  is  influenced  in  its  working." 

Besides  most  fairly,  as  I  think,  summing  up  the  evidence, 
this  statement  of  Meyer  presents  us  with  an  admirable  work- 
ing hypothesis  ;  it  is  especially  valuable  as  a  guide  in  the  ap- 
plication of  the  principle  of  valency  to  chemical  classification. 

19.  Granting,  then,  that  each  elementary  atom  possesses 
a  certain  capacity  of  saturation  of  its  own,  it  would  appear 
that  the  general  nature  of  compound  bodies  must  be  in  some 
way  correlated  with  the  valency  of  their  constituent  elements. 
Omitting  for  the  present  the  consideration  of  the  influence 
exerted  upon  the  general  nature  of  compounds  by  the  chan- 
ging circumstances  under  which  their  elementary  atoms  enter 
into  combination,  let  us  see  whether  it  is  possible  to  express 
the  composition  of  some  of  these  substances  as  a  function  of 
the  valency  of  the  combining  atoms. 

"Any  quantity  which  depends  upon  and  varies  with  another 
quantity  may  be  called  a  function  of  it,  and  either  may  be 
considered  a  function  of  the  other."*. 

The  problem  may  be  stated  in  other  words  : — Can  it  be 
shown  that  the  general  chemical  composition  of  a  group  of 
compounds  varies  with  the  valency  of  the  elementary  atoms 
composing  these  compounds  ?  When  the  valency  varies,  does 
the  composition  vary  with  it  ? 

The  problem  is  an  exceedingly  difficult  one  to  solve.  In 
"  valency  "  we  have  a  measurable  quantity  ;  but  where  shall 
we  find  a  unit  in  terms  of  which  "  general  chemical  compo- 
sition "  may  be  measured? 

If  problems  of  the  kind  under  consideration  are  to  be  rigo- 
rously dealt  with,  it  is  necessary  that  the  variable  quantity 
should  be  under  the  control  of  the  experimenter,  and  that  he 
should  be  possessed  of  means  for  carrying  out  similar  expe- 
riments under  similar  conditions.  In  the  present  instance 
valency  is  probably  a  fixed  quantity ;  chemical  composition  is 
variable,  but  it  is  so  ill-defined  that  we  cannot  be  certain  that 

*  W.  Stanley  Jevons,  *  Principles  of  Science,'  vol.  ii.  p.  113. 
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two  experiments  which  appear  to  be  carried  out  under  similar 
conditions  are  really  so  carried  out. 

Nevertheless  we  may  arrive  at  a  conviction  that  these  two 
quantities  (valency  and  chemical  composition)  are  really  con- 
nected together,  if  we  notice  that  "  one  always  varies  percep- 
tibly at  tlie  same  time  as  the  other"*,  although  we  may  be 
unable  accurately  to  measure  the  quantities,  or  to  state  the 
quantitative  relations  existing  between  them. 

The  only  way  of"  dealing  with  the  question  before  us  is,  I 
think,  to  attack  it  in  detail.  We  must  endeavour  to  decom- 
pose the  quantity  "  general  chemical  composition  "  into  parts, 
and  to  establish  a  relation  between  each  of  these,  in  succession, 
and  the  valency  of  the  elementary  atoms.  If  this  could  be 
accomplished,  the  further  problem  would  still  demand  solution, 
Does  the  simultaneous  variation  of  several  parts  modify  their 
separate  actions?! 

20.  It  would  be  beyond  the  limits  of  such  a  paper  as  the 
present  to  attempt  any  more  than  the  briefest  outline  of  the 
results  which  have  been  obtained  in  the  attempted  solution  of 
the  various  parts  of  the  problem  under  consideration.  Start- 
ing with  the  hypothesis  (shown  on  other  grounds  to  be  a  pro- 
bable hypothesis)  that  the  valency  of  each  elementary  atom  is 
a  fixed  quantity,  it  becomes  possible  to  deduce  the  forms  of 
combination  of  a  stated  number  of  different  elementary  atoms, 
the  valency  of  each  being  given.  The  question  is  mainly  a 
mathematical  question  J,  although  the  occurrence  of  unsatu- 
rated compounds  &c.  may  complicate  it.  But  the  only  means 
which  wo  at  present  possess  of  assigning  the  probability  to 
the  results  of  such  a  deduction  is,  studying  the  general  che- 
mical and  physical  properties  of  the  various  compounds  of  the 
elements  in  question.  From  a  certain  assumption  concern- 
ing valency  we  deduce  a  number  of  possible  formulae,  each 
of  which  represents  a  definite  compound  ;  but  we  cannot  lay 
our  hand  on  this  or  that  compound ;  we  have  no  means  of 
certainly  identifying  any  one  of  the  hypothetical  compounds. 
Each  of  them  may  have  been  prepared  and  studied  by  us,  and 
we  may  yet  have  failed  to  recognize  any  one  of  them.  We 
make  a  second  assumption,  in  favour  of  which  there  is 
indeed  nmch  evidence,  viz.  that  the  general  characteristics  of 
compounds  are  correlated  with  inner  structure,  or,  in  other 
words,  with  composition.  From  what  we  can  actually  observe 
of  the  general  characteristics  of  the  compounds  of  the  given 

*  Principles  of  Science,  vol.  ii.  p.  110. 
t  See  *  Principles  of  Science/  vol.  ii.  p.  55. 

t  For  a  full  discussion  of  this  part  of  the  problem  see  Die  modernen 
Theonen,  pp.  138-170. 
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elements,  we  attempt  to  measure  the  probability  in  favour  of 
the  second  assumption ;  and  from  the  probability  so  obtained 
we  attempt  further  to  measure  the  probability  in  favour  of  the 
first  assumption  *. 

So  far  as  the  first  links  in  this  chain  are  concerned  there  is 
no  great  difficulty ;  given  fixed  valency,  the  possible  combi- 
nations of  a  number  of  atoms  are  readily  deduced ;  but  when 
we  come  to  deal  with  general  characteristics  and  with  chemical 
analogies,  all  is  vague  and  unsusceptible  of  quantitative  treat- 
ment. And  then  there  comes  the  dread,  "  What  if  valency 
is  not  fixed?  what  if  it  is  an  essentially  variable  quantity?" 
And  then  we  seek  to  allay  the  uneasy  feeling  by  appeals  to  che- 
mical analogies  and  general  characteristics ;  and  so  we  get  into 
a  circle  and  become  entangled,  and  perhaps  in  despair  seek 
refuge  in  those  graphic  formulas  and  strange  pictures  which, 
like  some  religions,  demand  implicit  assent  from  their  victim, 
but  promise  him  in  return  rest  and  quietness  of  mind. 

I  cannot  help  thinking  that  chemists  sometimes  fail  to  dis- 
tinguish the  kind  of  evidence  upon  which  constitutional  for- 
mulae are  based  (but  here  again  we  may  disagree  as  to  the 
meanings  to  be  assigned  to  the  words  "constitutional  for- 
mulae"),  and  that  they  are  inclined  to  repose  too  much  trust 
in  these  formulae. 

Some  have  rushed  to  the  other  extreme ;  they  have,  with 
that  "  infinite  capability  of  doubting  "  which  is  said  to  be  a 
characteristic  of  the  "  ideal  reformer,"  refused  to  have  deal- 
ings with  the  commonly  accepted  notions  which  connect 
together  valency,  structure,  and  properties,  and  have  endea- 
voured to  found  upon  a  system  of  "  dynamic  equivalents  "  a 
more  definitely  quantitative  classification  of  chemical  sub- 
stances. Their  attempts  are  worthy  of  all  success ;  but  the 
task  is  a  long  and  a  laborious  one.  I  can  see  no  reason  for 
not  using  both  methods  in  the  solution  of  the  general  problem 
of  classification.  However  we  may  succeed  in  deducing  dy- 
namical equivalents,  we  cannot  overlook  the  connexion  which, 
it  appears,  imist  exist  between  composition  and  general  action. 
"  Composition,"  to  quote  the  words  of  Professor  Foster  in  the 
article  "Classification"  in  Watts's  'Dictionary'  (vol.  i. 
p.  1022),  "  Composition  is  the  most  fundamental  of  all  che- 
mical properties  ;  and  the  manner  in  which  all  other  chemical 
properties  depend  upon  it  is  the  fundamental  problem  of 
Chemistry." 

The  upholders  of  the  "  position  theory,"  it  appears  to  mo, 
recognize  this  truth,  although  sometimes  the  intensity  of  their 

*  No  stadow  of  an  attempt  at  tbo  actual  quantitative  measurement  of 
any  of  these  probabilities  has  been,  or  can  be  as  yet,  attempted. 
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recognition  has  closed  their  eyes  to  other  truths.  Do  not  the 
upholders  of  what  may  be  called  the  "  energy  theory  "  sonie- 
tinies  overlook  the  paramount  importance  of  "  composition  "? 
Granting  that "  similarity  of  action  is  correlated  with  similarity 
of  composition  "  *,  how  are  we  to  measure  the  "  action  "  of 
chemical  compounds  ? 

What  I  have  to  say  of  general  chemical  analogies  as  aiding 
us  in  answering  this  question  I  shall  defer  until  I  come  to 
speak  of  Mendelejeff 's  periodic  law.  The  physical  properties 
of  compounds  present  us  with  measurable  quantities  ;  and  it 
seems  to  me  that  by  measuring  certain  of  these  we  have  a 
means  of  arriving  at  a  more  definite  knowledge  concerning 
the  relations  existing  between  structure  and  chemical  function. 

21.  In  attempting  to  show  that  there  is  a  connexion  between 
the  physical  properties  of  compounds  and  their  composition, 
as  part  of  the  wider  problem  of  the  connexion  between  che- 
mical character  and  the  valency  of  the  combining  atoms,  I 
must  content  myself  with  the  merest  outline  of  the  field  of 
investigation. 

In  a  paper  on  Isomerism,  published  in  this  Magazine 
(September  1876),  I  drew  attention  to  the  probable  connexion 
existing  between  the  boiling-points  and  the  composition  of 
groups  of  chemical  compounds.  Isomeric  substances  exhibit 
different  boiling-points  or  different  degrees  of  fluidity  :  we  can 
scarcely  do  otherwise  than  attempt  to  correlate  these  with  dif- 
ferences in  structure ;  and  in  the  paper  cited  I  adduced  ex- 
amples to  show  that  we  have  some  evidence  for  such  a  corre- 
lationf.  The  melting-points  of  solid  substances  are  also,  in 
all  probability,  functions  of  the  structure  of  these  bodies.  Few 
attempts  have  as  yet  been  made  towards  systematizing  the 
results  of  experiments  upon  melting-points ;  accurate  and 
numerous  data  must  be  first  obtained. 

Most  intimately  connected  with  the  boiling-points  of  liquids 
is  the  question  of  the  vapour-tensions  of  these  liquids.  Every 
vapour  exerts  a  certain  pressure  or  tension,  which  is  mainly 
dependent  upon  the  temperature  of  the  liquid.  The  upholders 
of  the  molecular  theory  of  matter  regard  this  tension  as  duo 
to  the  motion  of  the  molecules,  to  the  striving  of  these  mole- 
cules to  escape  into  the  less  closely  packed  atmosphere  sur- 
rounding them.  The  higher  the  temperature  of  the  liquid  the 
more  rapid  will  be  the  movements  of  the  molecules  ;  the  greater 
therefore  will  be  the  tension  of  the  vapour.  The  tension  of  a 
vapour  is  a  measurable  quantity;  it  may  be  regarded  as  a 
variant,  temperature  being  the  variable.     In  order  to  trace  the 

•  Die  modernen  Theorien,  2nd  edit.  p.  173. 

t  See  H.  Kopp,  A7m.  Chent.  Phanit.  xcvi.  p.  2 ;  Kekul^,  Lehr.  der  ora 
Chem.  i.  p.  281  et  seq. 
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connexion  probably  existing  between  the  tension  and  the  che- 
mical composition  of  vapours,  it  would  be  necessary  to  deter- 
mine the  tensions  of  many  groups  of  compounds  at  the  same 
temperature,  or,  better  still,  to  determine  the  connexion  exist- 
ing between  tension  and  temperature  for  each  compound 
throughout  a  considerable  range.  Meyer*  has  well  pointed 
out  the  disadvantages  of  the  usual  practice,  which  is  to  deter- 
mine the  temperature  at  which  each  vapour  exerts  a  tension 
equal  to  760  millims.  of  mercury.  There  is  no  doubt  that 
careful  determinations  of  vapour-tensions  of  groups  of  com- 
pounds would  throw  much  light  upon  the  composition,  and  so 
upon  the  classification  of  these  compounds  f. 

Connected  with  determinations  of  boiling-points  and  of 
vapour-tensions  is  the  general  question  of  specific  and  latent 
heat.  We  say  that  bodies  have  different  capacities  for  heat, 
or  that  different  quantities  of  heat  must  be  communicated  to 
equal  masses  of  different  bodies  in  order  to  produce  equal  in- 
crements of  temperature  in  these  bodies.  Evidently  part  of 
the  heat  communicated  has  disappeared  ;  and  different  propor- 
tions of  the  total  heat  have  disappeared  in  each  case.  We  have 
adopted  a  practical  unit  for  measuring  the  amount  of  heat 
which  has  disappeared.  We  believe  that  this  heat  has  gone 
to  do  work  of  some  kind.  Different  amounts  of  work  must 
be  done  in  different  elements  and  compounds  before  the  heat 
added  begins  to  be  apparent  to  our  measuring-instruments. 
There  must  surely  be  differences  in  the  inner  structure  of  these 
elements  and  compounds.  May  we  not  reasonably  hope  that 
careful  determinations  of  those  quantities  which  we  call  spe- 
cific and  latent  heats,  carried  out  for  groups  of  compounds  as 
they  have  been  partly  carried  out  for  groups  of  elements, 
will  throw  considerable  light  upon  the  composition  of  these 
compounds  ? 

In  connexion  with  this  subject  we  must  look  with  much 
interest  to  the  results  of  Weber's  promised  researches  upon 
the  specific  heats  of  carbon  compounds.  From  his  preliminary 
researches,  Weber  thought  himself  justified  in  concluding  that 
"  the  specific  heat  of  carbon  when  in  combination  is  a  function 
of  the  temperature,  and  of  all  those  circumstances  Avhich  in- 
fluence the  quality  of  the  non-carbonated  part  of  the  com- 
pound molecule  "$• 

*  Die  mod.  Theor.  2nd  edit.  pp.  203,  204, 

t  See  H.  Landolt,  Ann.  Chem.  Pharm.  Suppl,  Bd.  vi.  p.  129. 

My  friend  Mr.  J.  B.  Hannay  is  now  working  at  this  question  by  an 
original  method ;  he  has  already  obtained  good  results. 

X  See  translation,  by  the  author,  of  Weber's  paper,  "  On  Specific  Heats 
of  Carbon,  Boron,  and  Silicon,"  in  this  Magazine  for  April  1875,  [IV.] 
vol.  xlix.  pp.  300-302. 
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Measurements  of  the  diffusion,  of  the  viscosity,  and  of  the 
transpiration  of  liquids  have  already  thrown  some  light  upon 
the  chemical  composition,  and  so  upon  the  classification,  of 
these  liquids. 

"  The  coefficient  of  diffusion  represents  the  rate  at  which 
the  equalization  of  chemical  composition  goes  on  by  the 
exchange  of  the  molecules  themselves."  "  The  coefficient 
of  viscosity  ....  represents  the  rate  at  which  the  equalization 
of  velocity  goes  on  by  the  exchange  of  the  momentum  of  the 
molecules"*.  In  each  case,  "if  the  temperature  remain  the 
same,  the  rate  of  equalization  is  inversely  proportional  to  the 
density  "  f-  But  the  density  is  proportional  to  the  mass  of 
the  molecules  ;  hence  heavy  molecules  will  diffuse  more  slowly 
than  lighter  molecules.  The  velocity  with  which  the  mole- 
cules diffuse,  or  the  velocity  with  which  they  pass  through 
capillary  tubes,  will  therefore  be  dependent  upon  the  relative 
masses  of  those  molecules  ;  hence  our  knowledge  of  the  mole- 
cular weights  of  solid  and  liquid  compounds  may  be  very  ma- 
terially advanced  by  careful  measurements  of  the  coefficients 
of  diffusion,  viscosity,  and  transpiration  of  various  bodies. 
And  if  this  be  so,  much  light  would  be  thrown  by  such  re- 
searches upon  the  general  problem  of  chemical  classification  J. 
If  from  researches  on  diffusion,  viscosity,  and  transpiration  we 
may  hope  for  determinations  of  the  relative  magnitudes  of 
solid  and  liquid  molecules,  it  is  evident  that  such  researches 
will  also  throw  light  upon  the  question  of  the  chemical  com- 
position of  mixtures  of  several  compounds  which  arc  capable 
of  exerting  actions  upon  one  another,  but  which  remain,  along 
with  the  products  of  their  mutual  actions,  in  a  state  of  solu- 
tion § . 

Koppll  and  others  have  established  the  fact  that  determina- 
tions of  specific  or  molecnlar  volumes  throw  much  light  upon 
the  general  composition  of  chemical  compounds.  The  mole- 
cular volume  of  the  compound  is  of  course  directly  proportional 
to  the  molecular  weight,  and  inversely  proportional  to  the 
density.     If  we  determine  the  molecular  volumes  of  a  series 

*  Clerk  Maxwell,  'Theory  of  Heat,'  1st.  edit.  p.  302. 

t  Clerk  Maxwell,  luc.  cit. 

\  See  Graham's  Classic  Series  of  Researches ;  also  Loschraidt,  Wien. 
Akail.  Ber.  [2]  Ixi.  p.  367  &c. ;  also  in  JaJtresher.  1870,  p.  .58;  also 
Wretschko,  Wien.  AAcid.  Ber.  [2]  Lsii.  p.  575  .<tc. ;  also  iu  Jahrcshcr. 
1871,  p.  51 :  Maxwell,  Phil.  Mag.  [IV.]  vol.  xlvi.  p.  4G8 ;  Gueront, 
Comptes  Benclus,  Ixxxiii.  p.  12U1 ;  &c.  &c. 

§  Mr.  Tlannay  is  also  engaged  in  investigating  the  problems  presented 
by  transpiration,  or,  as  he  prefers  to  call  it,  microrheosis  of  liquids.  His 
method  is  wonderfully  exact. 

II  Atm.  Chem.  I'harm.  xcvi.  pp.  153,  303;  c.  p.  91  &c. 

Fhil.  Mag.  S.  5.  Vol.  4.  No.  24.  Sept.  1877.  0 
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of  compounds  whose  molecular  weights  and  densities  are 
known,  and  if  we  can  establish  a  connexion,  admitting  of 
exact  expression,  between  these  three  quantities,  then,  when 
we  meet  with  a  new  compound  which  appears  from  general 
analogies  to  belong  to  the  group  in  question,  the  mere  deter- 
mination of  its  density  may  aid  us  materially  in  fixing  the 
molecular  weight  and,  generally,  in  classifying  the  compound. 
Further,  Kopp's  researches  show  that  there  is  a  connexion 
between  the  structure  of  analogous  compounds  and  their  mo- 
lecular or  specific  volumes.  Determinations  of  the  molecular 
volumes  of  series  of  analogous  compounds,  if  very  carefully 
made,  must  evidently  be  of  the  greatest  assistance  to  the  che- 
mist who  is  attempting  to  reduce  to  some  kind  of  order  the 
immense  array  of  imperfectly  examined  compounds  accumu- 
lated by  the  industry  of  his  fellow  vt^orkers.  In  the  course  of 
determinations  of  molecular  volumes,  various  valuable  data 
bearing  more  or  less  directly  upon  the  main  question  are  also 
accumulated. 

For  these  and  other  reasons  chemists  most  anxiously  expect 
the  publication  of  that  series  of  researches  upon  which  Thor])e 
has  been  engaged  for  some  years  and  which  is  now  approach- 
ing completion. 

The  researches  of  Gladstone*,  of  Landoltf,  and  of  others 
most  clearly  indicate  that  a  connexion  exists  between  the  che- 
mical composition  of  compounds  and  their  action  upon  light. 
We  have  groups  of  terpenes  most  clearly  marked  off  from  each 
other,  on  the  one  hand  by  differences  in  molecular  weight,  on 
the  other  by  differences  in  refractive  indices,  in  dispersion,  in 
sensitiveness,  and  so  on.  We  have  other  bodies,  often  having 
the  same  molecular  weights  and  the  same  empirical  formulae, 
but  differentiated  by  the  action  exerted  by  them  on  a  ray  of 
polarized  light.  Can  we  doubt  that  structure  and  action  on 
light  are  connected  together  in  some  way  ? 

Lastly,  I  would  refer  to  the  connexion  which  undoubtedly 
exists  between  chemical  composition  and  the  thermal  pheno- 
mena exhibited  during  the  formation  and  decomposition  of 
groups  of  compounds.  When  soluble  hydroxides  are  neutra- 
lized by  addition  of  sulphuric,  hydrochloric,  or  nitric  acid,  the 
amount  of  heat  evolved  is  almost  the  same  in  each  case.  When 
mixtures  of  acids  are  presented,  in  the  proportions  expressed 
by  the  molecular  weights,  to  the  same  hydroxide,  the  thermal 
disturbances  which  ensue  show  that  the  hydroxide  divides  itself 
between  the  two  acids  in  a  definite  manner.  From  a  study  of 
such  thermochemical  reactions,  avc  are  able  to  draAv  conclu- 

*  Chem.  Soc.  Journ.  [2]  vol.  viii.  pp.  101, 147,  [2]  vol.  x.  p.  1  &c. 
•    t  Pogg.  Ann.  cx.\.iii.  p.  003. 
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sions  regarding  the  companitive  avidity  of  different  acids  for 
the  same  base* ;  and  when  these  studies  shall  have  been  ex- 
tended and  generaUzed,  wo  shall  most  probably  be  able  to 
connect  together  chemical  action  and  chemical  composition. 
Questions  concerning  composition  which  appear  almost  inca- 
pable of  solution  by  the  ordinary  method  of  reactions  are  even 
now  beginning  to  be  solved  by  the  thermochemical  method f. 

But  1  cannot  pursue  this  part  of  the  subject  further.  I 
would  only  allude  to  the  results  obtained  by  Tyndall|  as  estab- 
lishing a  connexion  between  absorptive  power  of  gases  for  hc^at 
and  chemical  composition;  to  the  experiments  of  lliidortt'§, 
as  pointing  to  a  distinct  connexion  between  lowering  of  tem- 
perature during  solution  of  salts  in  water  and  the  molecular 
weights  of  these  salts  ;  and  to  Guthrie's  researches  on  "  Salt 
Solutions  and  Attached  Water  "  || .  Tlie  experiments  of  Gamgee 
upon  the  poisonous  activity  of  ortho-,  meta-,  and  pyrophos- 
phoric  acids,  connnunicated  to  the  Glasgow  Meeting  of  the 
British  Association,  point  to  a  connexion  between  chemical 
structure  and  physiological  action. 

22.  The  results  of  those  experiments  which  have  already 
been  made  upon  the  physical  properties  of  groups  of  com- 
pounds justify  us  in  concluding  that  there  is  a  close  connexion 
between  these  properties  and  the  chemical  composition  of  the 
compounds.  To  render  this  connexion  more  definite,  to  ex- 
hibit it  as  a  quantitative  connexion,  will  be  one  of  the  future 
triumphs  of  chemical  science. 

Assuming  a  certain  valency  for  a  given  number  of  elements, 
we  are  able  to  deduce  a  number  of  possible  formuhc  for  the  com- 
pounds produced  by  the  union  of  these  elements.  Many  of  these 
possible  compounds  have  the  same  empirical  formula.  By  actual 
examination  we  find  that  many  compounds  really  exist  each 
having  that  empirical  formula  which  has  been  theoretically  de- 
duced ;  but  we  are  able,  from  a  study  of  the  physical  properties 
of  these  compounds,  to  say  that  they  are  really  distinct  bodies  ; 
we  are  able  further  to  trace  somewhat  regular  gradations  of  phy- 
sical properties  among  them  ;  it  may  be  that  we  are  able  to  pre- 
pare the  complete  series  of  isomeric  compounds  as  laid  down  by 
theory,  and  to  arrange  them  in  a  connected  group,  or  groups, 
the  members  of  which  exhibit  definite  relations  of  physical 

*  See  article  "  Cliemistrv,"  by  Armstrong:,  Encxjdop.  Brit.  9th  t-dit. 
p.  489  &c. 

t  For  an  example  of  the  application  of  tliis  method  see  the  article  re- 
ferred to  (pp.  497,  49d),  where  the  composition  of  periodic  acid  is  dis- 
cussed. 

X  Contnbutions  to  Molecular  Physics,  pp.  69-144. 

§  Poog.  Ann.  vol.  cxiv.  p.  02 ;  vol.  cxvi.  p.  55. 

II  Phil.  Ma-j.  [V.J  vol.i.  pp.  354,  446;  vol.  ii.  p.  213. 
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properties.  If  we  can  do  this,  we  have  very  strong  evidence 
(1)  of  the  existence  of  an  essential  connexion  between  struc- 
ture and  physical  properties,  and  (2)  in  favour  of  the  hypo- 
thesis of  valency  as  a  foundation  on  which  to  build  a  general 
scheme  of  chemical  classification.  As  a  matter  of  fact,  che- 
mists have  not  yet  succeeded  in  completing  the  chemical 
history  of  any  group  of  isomeric  bodies ;  but  I  think  that  the 
recent  advances  made  in  this  direction  warrant  us  in  expecting 
that  the  history  of  many  groups  will  be  thus  completed — that 
to  do  this  is  indeed  a  possibility,  and  that  meanwhile  to  accept 
the  hypothesis  of  valency,  as  an  liypothesis,  is  not  to  overstep 
the  limits  of  true  scientific  method. 

Again,  given  two  or  more  elementary  atoms,  and  given  the 
valency  of  these  atoms,  the  existence  of  certain  compounds 
becomes,  theoretically,  impossible.  Every  failure,  succeeding 
honest  attempts,  to  prepare  these  bodies  lends  strength  to  the 
theory.     We  have  instances  of  such  failures. 

It  also  becomes  possible,  on  the  assumption  that  the  valen- 
cies of  the  constituent  atoms  of  a  compound  are  known,  to 
deduce  the  (theoretical)  possibility  or  impossibility  of  the  oc- 
currence of  certain  reactions.  It  may  be  possible,  we  argue, 
to  introduce  a  fresh  atom  of  a  certain  valency  into  this  com- 
pound ;  or  we  say  the  introduction  of  an  atom  of  this  valency 
must  cause  decomposition, — the  compound,  under  the  new 
condition  of  affjiirs,  can  no  longer  exist.  Every  experimental 
confirmation  of  such  deductions  is  a  point  in  favour  of  the 
theory.  Are  we  not  continually  meeting  with  experimental 
confirmation  of  facts  deduced  from  the  theory  of  valency  ? 

In  attempting  to  deduce  possible  reactions  &c.  from  the 
theory  of  valency,  and  in  attempting  to  confirm  these  deduc- 
tions by  appeal  to  experiment  and  observation,  it  is  essential 
that  we  bear  in  mind  how  very  imperfect  our  theory  as  yet  is. 
If  we  attempt  to  apply  it  to  solid  and  liquid  bodies,  we  find 
ourselves  surrounded  by  contradictions  and  difiieulties  innu- 
merable: we  know  almost  nothing  of  the  circumstances  which 
condition  valency.  We  are  ever  ready  to  draw  sweeping 
conclusions  utterly  unjustified  by  the  theory ;  we  are  prone 
to  set  up  what  might  be  called  theoretical  theories,  vague, 
shifting,  indefinite  ;  and  then,  when  the  experimental  evidence 
contradicts  our  deductions,  we  are  liable  to  fall  into  one  of  two 
errors — either  to  manufacture  a  new,  more  vague,  and  more 
elastic  theory  to  suit  the  results,  or  to  doubt  the  utility  of 
theory  altogether.  To  use  an  hypothesis  Avithout  abusing  it 
is  one  mark  of  a  master  mind. 

23.  But  in  endeavouring  to  discover  the  relations  which  we 
assume  to  exist  between  valency  and  chemical  composition,  it 
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is  necessary  to  fix  our  attention  upon  the  chemical  properties  no 
less  tlian  upon  the  {)liy.sical  properties  of  groups  of" compounds. 
Assuming  the  hypothesis  of  valency,  and  given  a  certain 
number  of  elementary  atoms  and  the  valencies  of  these  atoms, 
we  deduce  the  possible  existence  of  a  group  of  compounds. 
Have  we  any  chemical  means  for  recognizing  the  existence  of 
these  compounds  ?  From  a  study  of  the  chemical  processes 
involved  in  the  formation,  in  the  reactions,  and  in  tlu^  decom- 
positions of  a  grouf)  of  bodies,  can  we  gain  any  insight  into 
the  structure  of  these  bodies  ? 

Now,  granting  that  there  is  some  kind  of  structure,  we  may 
safely  assume  tiiat  diiterence  in  structure  is  correlated  with 
difference  in  chemical  behaviour.  From  a  study  of  chemical 
behaviour  we  should  then  arrive  at  a  knowledge  of  the  struc- 
ture of  the  bodies  under  consideration.  Let  us  take  an  ex- 
ample. Analysis  and  vapour-density  determinations  point  to 
the  formula  C2  Hg  0  as  expressing  the  empirical  composition 
and  molecular  weight  of  common  alcohol.  From  the  theory 
of  valency  (the  valencies  of  the  constituent  elements  being  C'^, 
H',  and  0^')  we  deduce  the  possibility  of  the  existence  of  two 
compounds,  each  having  the  em})irical  formula  C2  H,;0:  for  one 
of  these  we  have  the  constitutional  formula  CH3 — CH2 — 0 — H, 
for  the  other  the  formula  CH3 — 0 — CH3.  Which  constitutional 
formula  is  to  be  assigned  to  alcohol  ?  When  alcohol  is  acted 
upon  by  sodium  or  potassium,  one  atom  of  hydrogen  is  ex- 
changed for  one  of  metal  ;  the  remaining  five  atoms  of  hy- 
drogen cannot  be  so  exchanged:  it  is  also  possible  to  substitute 
a  monovalent  group  for  one  of  the  hydrogen  atoms  in  alcohol. 
From  the  constitutional  formula  CH3 — CHg — 0 — H,  wo 
should  infer  that  one  of  the  hydrogen  atoms  would  be  ready 
to  undergo  reactions  which  would  not  affect  the  remaining 
five.  The  formula  CH3 — 0 — CH3  points  to  no  such  difi'erence 
between  the  atoms  of  hydrogen.  Further,  the  first  formula 
re})resents  the  sixth  atom  of  hydrogen  as  alone  in  direct  com- 
bination with  oxygen:  those  substances  which  readily  replace 
one  atom  of  hydrogen  in  alcohol  are  themselves  ready  to 
combine  with  oxygen.  Other  reactions  are  known  in  which 
a  monovalent  group  or  element  replaces  the  whole  of  the 
oxygen  and  simultaneously  one  atom  of  hydrogen  in  alcohol : 
thus, 

C2  He  0  +  HC1= C2  Hg  CI  +  B,  0, 

C2H6  0  +  HN03=C2H5N03  +  H2  0. 

The  possibility  of  such  reactions  is  evident  if  we  adopt  for 
alcohol  the  constitutional  fornmla  CH3 — CHg — 0 — H.  But 
the  product  of  the  fii'st  reaction  formulated  above,  Cg  H5  CI, 
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can  have  (according  to  our  theory)  but  one  constitutional 
formula,  viz.  CH3 — CH2  CI.  Inasmuch  as  this  body  has  been 
produced  by  removing  OH  and  putting  CI  in  its  place,  we 
conclude  that  the  position  originally  occupied  by  the  OH 
group  was  the  same  as  that  now  occupied  by  the  CI*. 

The  reactions  of  alcohol  then  lead  us  to  adopt  the  constitu- 
tional formula  CH3 — CHg — 0 — H  for  this  body.  \V  e  know 
of  another  compound,  viz.  methylic  ether,  having  the  same 
empirical  formula  as  alcohol:  the  general  reactions  of  this  com- 
pound point  to  the  constitutional  formula  CH3 — 0 — CH3. 
These  two  forms  of  the  formula  C2  Hg  0  exhaust  the  list  of 
possible  modificutions  deduced  from  the  valency  of  the  consti- 
tuent atoms.  We  actually  know  of  but  two  bodies  having  the 
empirical  formula  C2  Hg  0. 

What  is  the  constitutional  formula  of  acetic  acid,  C2  H^  02? 
Theory  points  to  the  possibility  of  the  existence  of  unsaturated 
compounds,  with  two  free  affinities,  having  this  empirical  for- 
mula. Inasmuch,  however,  as  acetic  acid  shows  no  tendency 
to  form  additive  compounds,  inasmuch  as  fresh  atoms  can 
only  be  caused  to  enter  the  molecule  by  substitution,  it  pro- 
bably does  not  belong  to  the  group  of  unsaturated  compounds. 
Ten  isomers  of  the  formula  C2  H4  O2,  all  of  them  saturated 
compounds,  are  theoretically  possible:  two  have  actually  been 
prepared,  viz.  acetic  acid  and  the  methylic  ether  of  formic 
acid. 

Acetic  acid  may  be  prepared  from  common  alcohol  by  oxi- 
dation, two  hydrogen  atoms  being  replaced  by  one  oxygen 
atom.  But  we  have  seen  that  the  constitutional  fornnila  of 
common  alcohol  is  almost  certainly  CH3 — CH2 — 0 — H. 
When  this  molecule  is  oxidized  to  acetic  acid,  Avhich  hydrogen 
atoms  are  replaced  by  oxygen  ?  The  H  in  the  OH  group  is 
in  all  probability  not  replaced.  The  chief  reasons  for  this 
statement  are  the  facts: — that  acetic  acid,  like  alcohol,  readily 
parts  with  one  atom  of  hydrogen,  and  with  one  atom  only,  in 
exchange  for  metal,  or  for  hydrocarbon  radicles  such  as  CH3, 
C2  Hg,  &c. ;  and  that  acetic  acid  and  alcohol  are  evidently  of 
very  similar  constitution,  as  is  shown  by  such  reactions  as 
these : — 

C2H6O  +PCl5  =  C2H5Cl    +P0Cl3  +  HCh 

C2  H4  O2  +  PCI,  =  C2  H3  OCl  +  POCI3  +  HCl. 

If  alcohol  be  represented  by  the  formula  C2  Hg  (OH),  acetic 
acid  may  be  represented  by  a  formula  constructed  on  the  same 

*  The  compound  produced  by  the  action  of  chlorine  upon  C.^  Hg,  viz, 
CjII,  01,  has  been  shown  by  Schorlemmer  to  be  identical  with  the  chlo- 
rine compound  obtained  from  alcohol  by  the  reaction  formulated  above. 
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type,  viz.  C2H3  0(OH).  But  in  many  reactions  acetic  acid 
s])lits  up  more  completely  than  in  those  already  enumerated. 
When  an  acetate  is  heated  with  an  alkali-hydrate,  methane  is 
produced  along  with  carbonate  of"  the  alkali  ;  that  is,  one  half 
of  the  carbon  in  th(^  acetate  passes  away  as  gas  in  combination 
with  the  whole  of  i\\o,  hydrogen,  while  the  other  half  enters 
into  combination  with  the  whole  of  the  oxygen,  and  with  the 
whole  of  the  metal  both  of  the  acetate  and  of  tlie  hydrate. 
The  possibility  of  such  a  reaction  is  rendered  aj)parent  by 
adopting  the  constitutional  formula  CH3 — 00 — 0 — H  for 
acetic  acid.  Other  reactions  of  acetic  acid  also  find  their  ex- 
planation in  this  formula,  thus  : — 

l-CO— 0— Na  +  NaO-i-H  =  CH4  +  NaO-CO-NaO, 


JHa— CO-l-O-Na+NaO— C0-j-H=CH3— CO— H  +  NaO— CO— NaO, 

\  Sodium  form'.te.  Aldehyde. 

IHs- C0-|-0— Na  +  NaO— CO-I-CH3 = CH3— CO— CH3  +  NaO— CO— NaO. 

;  :  Acetone. 

In  certain  cases  we  are  able  to  trace  a  connexion  between 
the  results  deduced  from  such  purely  chemical  considerations 
as  those  enumeratcid  above,  and  the  results  of  experiments 
upon  the  pliysical  properties  of  a  group  of  related  compounds  *. 
In  my  paper  on  Isomerism  f  I  have  endeavoured  (l)ar.  5) 
to  show  that  a  regular  alteration  in  the  boiling-points  of  the 
four  butylic  alcohols  is  correlated  with  a  regular  alteration  in 
molecular  structure.  The  constitutional  fonnulx'  there  given 
to  the  four  alcohols  are  obtained  by  a  process  of  reasoning  on 
chemical  data  similar  to  that  illustrated  in  the  cases  of  alcohol 
and  acetic  acid. 

In  endeavouring,  tlierefore,  to  construct  a  constitutional 
formula  attention  should  be  paid  to  the  physical  properties  as 
well  as  to  the  chemical  reactions  of  formation  and  decomposi- 
tion of  the  body  to  be  formulated.  Until,  however,  much 
more  extended  observations  on  the  physical  properties  of 
groups  of  compounds  have  been  carried  out,  the  chemical 
method  of  arriving  at  constitutional  formula}  must  be  reijarded 
as  the  more  nnportant. 

24.  What  I  have  called  the  chemical  method  of  ascertaining 

*  For  a  fuller  discussion  of  these  and  of  other  examples,  see  Die  mo~ 
dernen  Thenrien,  2nd  edit.  pp.  17G-192. 
t  This  Magazine,  September  1870. 
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the  constitutional  fonnula  of  a  compound  is  based  upon  the 
hv])othe.sis  ot'valenov  and  upon  the  hypothesis  of  atom-linking, 
which  is  itself  an  outcome  of  the  former  hypothesis.  The 
idea  of  atom-linking  has  gradually  arisen  in  chemistry  ;  it  is 
based  more  inunetliately  upon  the  theory  of  types  as  inter- 
preted in  the  light  of  the  general  theory  of  valency.  From 
the  vague  ideas  entertained  in  the  earlier  days  of  the  atomic 
theorj'  concerning  the  manner  in  which  the  atoms  in  a  com- 
pound nmtually  influence  one  another,  we  have  gradually  ad- 
vanced to  clearer  conce[)tions  of  atomic  action.  We  now 
regard  each  atom  in  a  compound  molecule  as  exerting  an  action 
of  some  kind  upon  that  atom,  or  upon  those  atoms  situated 
near  itself ;  we  look  upon  chemical  action  as  an  action  between 
atom  and  atom  ;  we  imagine  a  regular  atomic  system  of  some 
kind,  not  a  conglomeration  of  atoms  confusedly  huddled  toge- 
ther. We  have  attained  to  the  notion  of  atomic  "  chains  " 
and  atomic  "  rings  "*  &c. 

Most  chemists  now  regard  the  molecule  as  an  atomic  system 
the  members  of  which  act  and  react  u])on  otie  another  in  ac- 
cordance with  definite  laws.  The  system  is  regarded  as  bound 
together  in  one  whole,  each  part  de{)ending  immediately  upon 
the  part  next  itself,  and  each  depending  mediately  upon 
eveiy  other.  From  this  idea,  and  from  the  theory  of  valency, 
the  possibility  of  the  existence  of  various  kinds  of  atomic 
structures  is  deduced.  For  instance,  a  series  of  divalent  atoms 
is  capable  of  combining  in  two  ways,  either  to  iorm  a  '*  chain," 
such  as  — 0 — S — 0 — ,  in  which  case  the  molecule  is  evidently 

unsaturated,  or  to  form  a  "  ring,"  such  as   /     \^,  in  which 

case  the  molecule  is  saturated.  Tlie  chain  is  evidently  capable 
of  taking  up  two  monovalent  atoms,  and  so  becoming  a  satu- 
rated molecule  although  still  maintaining  its  "  chain  "  cha- 
racter :  thus  we  know  of  the  comi)uund  SUo  Cl^,  which  is  pro- 
bably constructed  thus  :  CI— 0— S— 0— CI. 

Constitutional  fornmla?  are,  then,  based  upon  the  theory  of 
valency  and  the  theory  of  atom-linking  f.  In  detennining 
these  formula;,  certain  subsidiary  assumptions  are  generally 
made.      Of  these,    perhaps  the  most    important  are  the  as- 

•  Of  course  we  cannot  for  a  moment  regard  the  atoms  in  a  molecule  aa 
fixed  immovably  in  ctTtiiiu  positions;  we  must  look  on  them  as  in  a 
continual  state  of  motion.  J5ut  this  is  not  opposed  to  the  idea  of  the 
miiintenance  of  definite  relative  positions  by  the  moving  atoms. 

t  Tliid  statement  may  be  denied  by  those  who  use  the  expression 
"  constitutional  formula"  in  a  sense  different  from  that  in  which  I  am 
now  employinir  it.     See  forward. 
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samptions : — (1)  that  the  atoms  constituting  a  group  which 
makes  its  escape  tram  a  molecule  during  the  decomposition 
of  the  latter  existed  in  immediate  combination  with  one 
another  in  the  molecale ;  (2)  that  if  a  group  of  atoms  can 
be  caused  to  pass  from  one  molecule  into  another,  the  constitu- 
tion or  sfiraciare  of  the  group  is  not,  as  a  rule,  thereby  altered; 
and  (3)  that  if  an  atom  or  group  of  atoms  be  replaced  by 
another  atxHn  or  groop  of  atoms  of  equal  valency,  the  repla- 
cing atmn  <h-  group  oocopies  the  place  formerly  occupied  by 
the  atom  or  gronp  which  has  been  replaced  *. 

These  assumptions  appear  to  be  often  rerified  by  facts. 
Whether  we  ate  wholly  justified  in  making  them  cannot  be 
settled  untfl  extoided  researches  upon  the  chemical  analogies, 
and  moie  e^iecially  iqion  the  physical  pro]:>erties,  of  groups  of 
oomponnds  have  thrown  light  upon  the  connexion  which 
exists  between  cfaanical  composition  and  the  properties  of 
dbemical  compounds.  At  present  the  assumptions  may  be 
looked  iq»an  in  the  light  of  working  hypotheses. 

I  have  j&equaitlj'  used  the  expression  constitutional  formula. 
It  is  neee^aiy  to  ddSne  these  wcwds. 

In  a  forma*  paperf  I  have  defined  a  constitutional  or  struc- 
tural formula  as  a  formula  which  '*  generalizes  the  reactions  of 
fonnation  and  of  decomposition  "  exhibited  by  the  compound 
formulated.  In  another  paper  %  I  have  insisted  upon  the  ad- 
-vantages  gained  by  the  use  of  these  formulae  as  expressing 
"  in  tl*e  shortest  possible  manner  the  greatest  amount  of  in- 
formatitm  about  the  actions  of  the  substances  formulated.*' 

^om  SGme  chemists  would,  I  think,  be  content  to  use  con- 
MitntKHial  formulae,  attaching  to  them  some  such  meaning 
as  that  whi<^  I  have  just  mentioned,  while  they  would  not  be 
at  all  willing  to  accept  the  general  theories  of  ralency  and  of 
atMn-linking ;  in  fact,  they  might  refuse  to  accept  the  atomic 
Hbeorj  itself.  But  while  I  regard  constitutional  formula?  as 
dcHug  all  whidi  I  have  datmed  for  them  in  the  passages 
quoted  aboTe,  I  cannot  but  think  that  they  also  do  something 
mme.  Accepting  the  theory  of  valency,  imperfectly  under- 
stood though  it  be,  accepting  the  theory  of  atom-linking,  both 
meanly  as  hypotheses,  and  being  fully  convinced  that  a  con- 
nexi<m  betwerai  strackuie  and  properties  really  exists,  I  can- 
not r^aid  constitutional  formula  as  less  than  attempts  to 
eshibit,  so  fer  as  can  be  at  present  exhibited,  that  connexion. 
A  constitutional  formula  generalizes  fects  concerning  reac- 
ii(m&  of  formation  and  of  decomposition ;  it  teils  us  much 

*  See  Die  modernen  TJieorien,  2rid  edit.  pp.  172, 173. 

t  ^'  laoanprinn,"  iMa  Mi^azine,  loc.  cit. 

X  ''On  CkendcalNotfataoD,"  this  Magazine,  July  1876. 
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about  the  doings  of  the  body  formulated  ;  and  it  attempts  to 
connect  those  properties  which  it  generalizes  with  the  struc- 
ture or  composition  of  the  chemical  molecule.  Attempts  were 
made  from  the  time  of  Berzelius  to  indicate  by  a  formula 
something  of  the  inner  structure  of  the  molecule.  It  is,  how- 
ever, only  since  we  gained  the  idea  of  the  molecule  as  a  de- 
finite atomic  system,  each  part  depending  upon  each  other, 
that  these  attempts  have  met  with  any  fair  measure  of 
success. 

In  paragraph  20  of  the  present  paper  I  have  endeavoured 
to  point  out  the  difficulties  in  the  way  of  certainly  recogni- 
zing those  compounds,  the  existence  of  which  is  possible  ac- 
cording to  the  theory  of  valency.  These  difficulties  hold  in 
the  present  case.  Compounds  of  this  or  that  structure 
are  theoretically  possible  ;  or  this  or  that  constitutional  for- 
mula may  be  assigned  to  a  certain  compound  ;  but  how  are 
we  to  tell  what  is  the  structure  of  the  compound  before  us  ? 
How  are  we  to  make  sure  that  the  constitutional  formula  we 
adopt  is  the  true  one  ?  We  cannot  tell ;  we  cannot  make  sure. 
Like  other  scientific  questions,  this  is  a  question  of  probability 
alone.  And  I  tbink  that  the  advances  made  by  Chemistry, 
and  more  especially  by  the  chemistry  of  the  carbon  compounds, 
in  recent  years,  are  the  best  proof  we  can  have  in  favour  of  those 
hypotheses  upon  which  our  constitutional  formulae  are  based. 

It  is  very  well  to  insist  upon  the  dangers  of  undue  theori- 
zinf,  and  upon  the  necessity  of  amassing  facts.  Facts  alone 
are  of  little  use  except  as  the  foundations  upon  which  true 
knowledge  is  raised.  Is  it  not  more  scientific  to  venture  an 
hypothesis,  once  we  have  accumulated  a  considerable  mass  of 
facts,  and  to  use  that  hypothesis,  than  to  remain  contented 
wnth  mere  empirical  knowledge  ?  But  all  depends  upon  how 
we  use  the  hypothesis.  If  we  allow  it  to  carry  us  away — if, 
for  instance,  in  framing  constitutional  formula?,  we  forget 
carefully  to  gather  facts  concerning  reactions,  or  if  we  forget 
the  limits  within  which  it  is  alone  allowable  at  present  to 
make  use  of  the  theories  of  valency  and  of  atom-linking,  even 
of  the  theory  of  molecular  structure  itself — then  in  place  of  true 
constitutional  formula3  we  produce  only  "  pictures "  which 
are  worse  than  meaningless,  inasnmch  as  the  information 
which  they  convey  is  in  all  probability  false  information,  while 
the  knowledge  assumed  on  the  part  of  those  who  manufacture 
them  is  certainly  not  as  yet  possessed  by  any  human  being. 

25.  In  paragraph  4  of  this  paper  I  stated  that  the  various 
systems  of  classification  which  have  from  time  to  time  been 
triumphant  in  Chemistry  might  be  broadly  divided  into  two 
groups — those  in  which  classification  of  chemical   substances 
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was  based  upon  the  functions  perforaied  by  these  substances, 
and  those  in  wliich  the  system  was  based  uj)on  the  composition 
of  the  substances  chissitied.  In  the  six  subsequent  paragraphs 
I  endeavoured  to  establish  the  truth  of  this  statement  upon 
historical  evidence,  while  at  the  same  time  I  attempted  briefly 
to  trace  the  rise  of  that  system  of  classification  which,  founded 
mainly  upon  the  doctrine  of  valency,  should  pay  regard  alike 
to  function  and  composition  in  attempting  to  frame  an  (exhaus- 
tive classification  of  chemical  substances.  In  paragraphs  11 
to  23  I  endeavoured  to  sketch  the  outlines  of  the  theory  of 
valency,  noticing  the  difficulties  which  have  been  overcome 
and  those  which  are  yet  to  be  conquered  ;  and  I  sought  to 
show  that  a  connexion  really  exists  between  the  properties 
(chemical  and  physical)  of  a  compound  and  the  valency  of  its 
constituent  atoms.  I  have  also  endeavoured  to  prove  that  the 
theory  of  valency,  along  with  those  subsidiary  theories  which 
have  sprung  from  it,  enables  us  to  learn  something  concern- 
ing the  composition  or  structure  of  chemical  compounds. 
The  facts  already  stated  are,  I  think,  a  justification  of  what  I 
said  in  paragraph  11,  viz.  that  the  system  of  classification 
which  is  mainly  based  upon  the  valency  of  the  combinino- 
atoms  pays  regard  alike  to  function  and  to  composition  of  com- 
pounds. But  I  think  it  will  now  be  possible  to  indicate  in  a 
more  definite  manner  how  this  result  is  gained. 

20.  In  paragra})h  23  I  have  adduced  reasons  for  assigning  to 
common  alcohol  the  constitutional  formula  CH3 — OH2 — OH, 
and  to  acetic  acid  the  fonnula  CH3 — CO — OH.  One  of  the 
reasons  given  is  the  fact  that  one  hydrogen  atom,  and  one 
only,  can  be  replaced  by  metal  in  either  of  these  compounds. 
It  is  hardly  correct  to  say,  can  be  replaced  by  metal ;  for 
although  the  statement  holds  good,  so  far  as  we  know,  for 
acetic  acid,  yet  it  is  only  the  alkali-metals  which  are  capable 
of  replacing  one  sixth  of  the  hydrogen  contained  in  alcohol  ; 
and,  moreover,  the  alkali-metal  must  be  presented  in  the  isolated 
state.  Although,  then,  we  assign  to  each  of  the  compounds 
under  consideration  a  constitutional  formula  containing  the 
group  OH,  yet  we  must  believe  that  the  function  of  this  group 
is  influenced  in  some  way  by  the  other  atoms  constituting  the 
molecule. 

From  a  consideration  of  the  reactions  of  water,  caustic  pot- 
ash, and  hypochlorous  acid,  we  assign  to  these  bodies  the  for- 
muke  H — OH,  K — OH,  and  CI — OH  respectively  ;  that  is, 
we  believe  that  the  molecule  of  each  contains  the  group  OH  : 
yet  the  properties  of  these  three  bodies  are  very  difl'erent.  It 
is  impossible,  on  the  theory  of  atom-linking,  and  acceptin^j-  the 
generally  received  valency  of  the  constituent  atoms,  to  assign 
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to  these  compounds  any  other  formulae  than  those  given  above. 
The  differences  in  the  properties  of  these  substances  cannot, 
therefore,  be  accounted  for  bj  differences  in  structure  ;  they 
must  be  dependent  upon  the  nature  of  the  constituent  atoms 
other  than  oxygen  and  hydrogen.  But  we  know  of  bodies 
possessed  of  the  same  empirical  formula  and  of  the  same  mo- 
lecular weight  as  acetic  acid,  yet  differing  altogether  in  pro- 
perties from  this  compound  ;  these  differences  in  properties 
are  most  probably  due  to  differences  in  structure.  If  this 
view  be  accepted,  it  follows  that  just  as  differences  in  the 
nature  of  the  atoms  in  a  series  of  molecules,  each  containing 
the  group  OH,  may  cause  this  group  to  assume  different  func- 
tions, so  differences  in  the  structure  of  such  molecules  may 
produce  a  similar  effect.  Now  the  constitutional  formuke 
already  assigned  to  alcohol  and  acetic  acid  exhibit  differences 
in  the  structures  of  the  two  molecules*.  In  alcohol  we  have 
the  OH  group  joined  to  the  group  CHj  (CHg — CHg — OH); 
in  acetic  acid  the  OH  group  is  joined  to  the  group  CO 
(CH3  —  CO — OH).  I  have  already  detailed  some  of  the  rea- 
sons for  adopting  these  constitutional  formulge.  These  two 
compound  groups  — CH2 — OH  and  — CO — OH  are  believed 
to  exist  in  certain  classes  of  alcohols  and  in  acids  respectively. 
Granting  that  carbon  acids  contain  the  group  — CO — OH,  it 
becomes  possible  very  readily  to  determine  the  constitutional 
formulae  of  many  acids.  Thus  formic  acid,  Hg  CO2,  can  have  (on 
our  theory)  but  one  constitutional  formula,  viz.  H — CO — OH. 
There  are  many  reactions  by  which  we  may  recognize  the 
compound  groups  — CHg — OH  and  — CO — OH  :  the  action 
of  FCI5,  with  the  subsequent  action  of  water  upon  the  body 
produced,  is  one  of  the  best ;  the  action  of  the  haloid  acids  is 
another ;  the  action  of  the  alkali-metals,  contrasted  with  that 
of  the  alkalies,  is  a  third ;  the  action  of  methyl  or  ethyl 
iodide  upon  the  metallic  derivatives  of  the  body  under  consi- 
deration, combined  with  the  action  of  potash  or  ammonia  upon 
the  product  so  obtained,  is  a  fourth.  There  are  many  other 
reactions. 

We  find  that  compounds  containing  the  group  — CH2 — OH 
yield,  on  oxidation,  acids  containing  the  group  — CO — OH; 
but  we  have  reasons  for  regarding  the  first  group  as  charac- 
teristic of  alcohols :  some  bodies  which,  for  other  reasons,  must 
be  classed  among  the  alcohols,  do  not  yield  such  oxidation- 
products  as  we  should  expect  to  be  produced  from  substances 
containing  the  group  — CH2 — OH.  Such  a  result  naturally 
leads  to  a  further  study  of  the  apparently  anomalous  alcohols  ; 

•  Althougli  these  bodies  are  not  isomeric,  they  may  nevertheless  be 
used  as  iUustrations. 
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and  we  find  that  a  second  class  of  these  bodies  may  be  best 
regarded  as  containing  a  new  group  — CH — OH.  For  in- 
stance, we  have  primary  butylic  alcohol  with  the  constitu- 
tional formula  CH3— CHg— CH2— OHg— OH  ;  but  we  have 
also  secondary  butylic  alcohol  with  the  constitutional  formula 
CH3 — CH2 — CH — CH3.     If  the  latter  alcohol  really  contain 

I 
OH 

the  group  — CH — OH,  we  are  compelled  to  regard  the  posi- 
tion of  this  group  as  different  from  that  assigned  to  the  group 
— CH2 — OH  in  the  primary  alcohol.  Chemists  speak  of  the 
OH  as  ])laced  "  at  the  end  of  the  chain  "  in  one  case,  and  in 
the  "  centre  of  the  chain  "  in  the  other. 

Such  ideas  as  these,  founded  on  the  theory  of  valency,  de- 
velo})ed  by  that  of  atom-linking,  and,  I  think,  in  keeping  with 
the  reactions  of  the  bodies  to  be  formulatod,  compel  us  to 
believe  that  the  action  of  each  atom  in  a  molecule  is  exerted, 
to  a  certain  extent,  upon  all  the  other  atoms  ;  that  just  as  in  the 
planetary  system  we  have  a  regular  order  of  bodies,  each  oc- 
cupying its  own  position  and  performing  its  own  proper 
movements,  yet  each  influencing  and  perturbing  every  other, 
so  in  a  chemical  molecule  we  have  a  group  of  atoms  regularly 
arranged,  each  performing  fixed  and  definite  vibrations,  each 
occupying  a  definite  relative  position,  yet  each  exerting  some 
influence  upon  every  one  and  upon  all  of  the  remaining  atoms*. 

Such  views  as  these  are  an  outcome  of  the  theories  of  va- 
lency and  of  atom-linking  :  they  have  led  to  many  discoveries 
in  chemistry  in  the  past,  and  probably  will  be  of  yet  greater 
importance  in  the  future.  In  using  them,  however,  it  is  very 
necessary  to  remember  the  small  amount  of  knowledge  which 
we  really  possess  concerning  the  connexion  existing  between 
structure  and  chemical  propertic^s.  Having  gained  the  general 
idea  of  such  a  connexion,  and  finding  that  from  what  we  know, 
or  think  we  know,  we  can  explain  a  considerable  number  of 
facts,  we  are  ever  ready  to  apply  the  explanations  found  to 
suit  a  few  cases  to  every  case,  and  so  we  come  to  imagine 
that  our  knowledge  is  practically  complete. 

For  this  reason,  although  I  think  that  constitutional  formulae 
are  one  of  the  greatest  aids  which  the  chemist  can  possess  him- 
self of  in  his  investigations,  yet  I  also  think  that  these  formulae 
must  be  carefully  employed — that  it  is  necessary  for  the  chemist 
ever  to  remind  himself  that  he  is  dealing  with  an  hypothesis  only, 
and  with  an  hypothesis  which  is  as  yet  but  in  the  first  stages 
of  its  development.     The  indiscriminate  use  of  such  expres- 

•  In  the  paper  already  cited  I  have  endciavoured  to  trace  the  bearing 
of  this  view  of  the  molecule  upon  the  general  theory  of  isomerism. 
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sions  as  "attached  to  a  carbon  atom  at  the  end  of  the  chain," 
&c.  &c.,  especially  in  text-books  for  students  (who  generally 
find  it  hard  to  distinguish  fact  from  theory),  and  unaccom- 
panied by  any  warning,  or  explanation  of  the  real  value  of  the 
expressions,  is,  I  think,  much  to  be  deprecated.  It  behoves  us 
ever  to  bear  in  mind  that  in  science  we  deal  with  phenomena 
made  up  of  an  infinite  number  of  infinitely  small  units,  and 
that  therefore  any  deficiency  in  careful  measurement  may 
lead  to  the  supposition  of  a  causal  connexion  where  no  such 
connexion  exists,  that  even  at  the  best  we  gain  only  approxi- 
mations, and  that  from  the  most  carefully  conducted  experi- 
ments we  cannot  tell  what  may  happen  in  extreme  cases 
(Principles  of  Science)*. 

[To  be  continued.] 


XXV.   On  some  Dynamical  Conditions  applicable  to  Le  Sage's 
Theory  of  Gravitation.     By  S.  Tolvek  PrestonJ. 

1.  rriHE  tendency  of  modern  science  is  undoubtedly  to  look 
J-  to  the  existence  of  physical  conditions  or  processes 
in  those  natural  phenomena  to  which  the  theory  of  "  action  at 
a  distance  "  has  been  applied.  The  gravitation  theory  of  Le 
Sage  has  therefore  of  late  naturally  received  a  considerable 
share  of  attention.  Le  Sage  finds  it  necessary,  as  a  basis  to 
his  theory,  to  lay  down  certain  conditions,  some  of  which  can- 
not but  be  regarded  as  arbitrary.  Thus  (as  given  in  the  paper 
by  Sir  William  Thomson,  '  Philosophical  Magazine,'  May 
1873)  Le  Sage  assumes  among  other  conditions: — 

(1)  That  the  direction  of  the  streams  of  particles  jjroducing 
gravity  is  such  that  an  equal  number  of  particles  are  moving 
in  all  directions. 

(2)  That  the  streams  are  all  eqiudly  dense',  or  the  total 
assemblage  of  matter  forming  the  streams  is  of  the  same  den- 
sity in  all  parts. 

(3)  That  the  viean  velocity  of  the  streams  is  everywhere  the 
same. 

2.  These  conditions  cannot  but  be  considered  arbitrary. 
My  object  is  to  call  attention  to  the  fact  (which,  if  it  has  been 
observed,  Avould  certainly  appear  to  be  deserving  of  more 
attention  than  it  has  received)  that  all  these  conditions 
which  Le  Sage,  with  the  limited  knowledge  of  his  day,  assumed 
to  be  arbitrary,  are  in  reality  inevitable  deductions  following 

*  For  a  fuller  discussion  of  the  constitutional  formulfe  of  alcohols  and 
acids  &c.,  see  Die  modenten  Theo?-ien,  2nd  edit.  pp.  190-202. 
t  Couimuuicated  by  the  Author. 
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from  the  dynamical  principles  connected  with  the  kinetic 
theory  of  gases,  or  that  Le  Sago  unconsciously  enunciated  the 
inevitable  principles  of  the  kinetic  theory — that,  in  short,  all 
the  conditions  laid  down  in  Le  Sage's  theory  are  perfectly 
satisfied  by  a  gas  whose  particles  are  very  minute,  and  conse- 
quently the  m(>an  length  of  path  of  whose  particles  is  very- 
great.  In  other  words,  it  may  be  stated  as  a  general  propo- 
sition, that  when  two  bodies  are  immersed  in  a  gas  at  a  less 
distance  apart  than  the  mean  length  of  path  of  the  particles  of 
the  gas,  the  two  bodies  will  tend  to  be  urged  together.  Thus 
all  the  arbitrary  conditions  of  Le  Sage's  theory  (and  all  the 
facts  of  gravity)  would  follow  as  inevitable  deductions  from 
the  simple  fundamental  admission  of  the  existence  of  matter 
in  space,  whose  normal  state  is  a  state  of  motion. 

3.  The  part  of  Le  Sagcs's  theory  which  most  calls  for  expla- 
nation, and  which  he  mak(?s  no  attempt  to  explain,  is  (even  if 
we  allow  as  a  purely  arbitrary  fact  that  the  motion  of  his  par- 
ticles took  place  at  one  time  uniformly  or  eqnalli/  towards  all 
directions)  how  this  unifonnity  of  motion  of' the  ])articles 
could  be  kept  up  under  the  continual  changes  of  direction 
resulting  from  the  collisionsof  the  particles  against  themselves 
and  nmndan(j  matter.  Now  it  has  been  proved  mathemati- 
cally by  Professor  Maxwell,  in  connexion  with  the  kinetic 
theory  of  gases,  that  a  self-acting  adjustment  goes  on  among 
a  system  of  bodies  or  particles  in  free  collision,  such  that  tlie 
particles  are  caused  to  move  equally  towards  all  directions, 
this  being  the  condition  requisite  to  produce  equilibrium  of 
pressure.  The  method  of  calculating  the  rate  of  the  above 
self-acting  adjustment  for  any  case  is  given  in  the  Philoso- 
phictd  Transactions  for  1866.  This  adjustment  is  of  such  a 
rigid  character  that,  if  by  any  artificial  means  the  motions  of 
the  particles  were  interfered  with  and  made  to  take  place  irre- 
gularly (^■.  e.  unequally  in  different  directions),  the  particles 
when  left  to  themselves  would  in  a  very  short  time  automati- 
cally return  back  to  the  above  regular  form  of  motion,  i.  e.  so 
that  an  equal  number  of  ])articles  are  moving  in  any  two  op- 
posite directions.  Thus  it  follows  that  when  a  system  of  par- 
ticles are  left  in  space  with  nothing  to  guide  them,  they  will, 
by  the  rigid  principles  of  dynamics  adjust  their  motions  in 
such  a  way  as  to  be  competent  to  produce  the  effects  of  gravity. 
In  other  words,  the  movement  of  streams  of  particles  with 
perfect  uniformity  at  all  angles  (which  Le  Sage  assumed  as  a 
mere  arbitrary  postulate)  is  found  to  be  the  necessary  conse- 
quence of  dynamical  principles;  or  the  particles  themselves 
adjust  their  motions  so  as  to  move  in  uniform  streams  in  all 
directions ;  and,  further,  when  any  disturbance  of  the  unifor- 
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mity  of  the  motion  of  the  particles  takes  place  due  to  their 
collisions  with  mundane  matter,  the  particles  themselves  read- 
just the  uniformity  of  motion. 

4.  Le  Sage  imagined  that  the  collisions  of  the  particles  dis- 
turbed permanently  the  uniformity  of  their  motions,  and  there- 
fore supposed  these  collisions  to  take  place  only  at  intervals 
of  time  very  remote  from  each  other.  Thus  he  assumes 
"  .  .  .  .  that  not  more  than  one  out  of  every  hundred  of  the 
particles  meets  another  during  several  thousands  of  years  ;  so 
that  the  uniformity  of  their  motions  is  scarcely  ever  disturbed 
sensibly."  We  now  know  that,  so  far  from  the  collisions  of 
the  particles  among  themselves  disturbing  the  uniformity  of 
their  motions,  this  is  the  very  cause  which  corrects  and  main- 
tains the  uniformity  of  motion,  or  preserves  the  uniformity 
of  motion  in  opposition  to  external  disturbing  causes.  The 
assumption,  therefore,  of  the  above  enormous  interval  of  time 
between  the  collisions  of  the  particles,  though  admissible,  is 
by  no  means  necessary.  The  only  necessary  condition  is  that 
the  path  of  the  particle  should  be  a  certain  length,  not  that  a 
certain  time  should  be  occupied  in  traversing  it.  The  time 
taken  by  the  particle  in  traversing  its  path  depends  on  its 
velocity ;  and  this  time  might  therefore  be  small,  provided, 
under  the  conditions  of  the  case,  the  velocity  of  the  particle 
were  high.  Le  Sage  imagined  that  the  collisions  were  detri- 
mental, not  only  in  destroying  the  uniformity  of  the  motion 
of  the  particles,  but  also  in  destroying  vis  viva  ;  and  he  there- 
fore supposed  the  collisions  to  take  place  as  seldom  as  possible. 
This  belief  in  the  destruction  of  vis  viva  at  collision  was  uni- 
versal at  the  time  of  Le  Sase  ;  and  he  therefore  assumed  that 
the  gravific  particles  would  finally  come  to  rest,  and  gravity 
cease  to  exist.  We  now  know  that  this  is  an  error,  and  that 
motion  is  as  naturally  maintained  among  a  system  of  particles 
as  rest.  Thus  the  one  thing  requiring  to  be  admitted  to  ac- 
count for  all  the  effects  of  gravity  is,  that  the  universe  is  im- 
mersed in  a  gas  the  mean  length  of  path  of  Avhose  particles  is 
great. 

5.  The  other  assumptions  or  postulates  of  Le  Sage  in  con- 
nexion with  his  theory,  viz.  equal  density  in  all  parts  of  the 
streams  of  moving  particles,  equal  mean  velocity  in  all  })arts, 
follow  no  less  as  automatic  consequences  from  the  recent  dy- 
namical investigations  connected  with  the  kinetic  theory  of 
gases.  Thus  the  conditions  of  Le  Sage's  theory  become  con- 
verted from  a  series  of  arbitrary  assumptions  or  postulates,  to 
a  series  of  deductions  following  from  the  rigid  principles  of 
dynamics. 

6.  It  forms  a  truly  wonderful  fact  to  consider,  that  a  system 
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of  bodies  or  particles  left  to  themselves,  with  nothing  to  guide 
them  but  their  own  colMsions  (which  might  well  be  regarded 
as  fulfiUing  all  the  essentials  of  a  chaos),  produces  and  main- 
tains the  most  rigid  system  of  order,  such  that  the  numbi^r  of 
particles  contained  in  unit  volume  of  tlie  system  (taken  any- 
where) is  equal,  the  mean  velocity  equal  in  all  [)arts,  the  mean 
distance  of  the  particles  the  same  in  all  parts,  and  the  ])articles 
are  moving  uniformly  towards  all  directions  in  all  parts.  Such 
is  the  result  produced  by  pure  dynamics.  In  fact  it  may  be 
said  tliat  leaving  the  bodies  to  themselves  constitutes  the  most 
])erfect  system  of  control,  for  any  interference  whatever  would 
disturb  the  regularity  of  the  motions.  This  regularity  of 
movement  is  not  only  naturally  continued,  but  forcibly  and 
automatically  maintained  against  any  disturbance, — such  that 
if  it  were  imagined  that  a  system  of  bodies  were  purposely 
})ut  in  motion  in  the  most  chaotic  manner  })ossible,  the  motion 
would  of  itself  in  a  short  time  become  regular,  or  the  whole 
would  become  a  system  of  order  and  uniformity. 

7.  Olausius,  as  is  known,  has  investigated  a  relation  between 
the  mean  length  of  path  of  the  particles  of  a  gas  and  the  dia- 
meter of  the  ])articles.  From  this  investigation  it  follows  tiiat 
the  mean  length  of  path  of  the  particle  of  a  gas  (?'.  e.  the  ave- 
rage distance  which  the  particle  moves  before  encountering 
another  particle)  increases  in  proportion  as  the  square  of  the 
diameter  of  the  particle  diminishes.  Thus  by  making  the 
])article  small  enough,  its  m(>an  length  of  path  may  be  in- 
creased to  an}'  extent.  No  objection,  evidently,  can  be  made 
to  this,  for  a  priori  one  size  of  particle  is  just  as  likely  as  an- 
other. This  minute  size  would  render  it  possible  for  the  par- 
ticle to  possess  a  high  velocity  without  producing  thereby 
disturbance  or  displacement  among  the  molecules  of  ordinary 
matter;  and  this  high  velocity  is  necessary  to  accord  with  the 
observed  facts  of  gravity.  One  velocity  cannot  be  said  a 
■priori  to  be  more  likely  than  another.  We  must  just  be 
guided  by  the  teaching  of  facts  as  to  what  the  velocity  is*. 

*  I  have  sliown  (Fliil.  Maji'.  June  1877)  that  a  physical  relation  exists 
between  the  velocity  uf  the  particles  of  a  medium  constituted  according 
to  the  kinetic  theory  and  the  velocity  of  propagation  of  a  wave  in  the 
medium.     Professor  Maxwell  has  calculated  (as  given   in  postscript    to 

the  paper)  the  numerical  value  of  this  relation  at    o  •     Thus  it  appears 

that  if  the  velocity  of  propagation  of  a  wave  in  any  medium  constituted 
according  to  the  kinetic  theory  can  be  measured,  then  the  velocity  of  the 

particles  of  the  medium  is  given  by  dividing  this  velocity  by  -iv-.     So, 

for  example,  the  velocity  of  the  molecules  of  air  is  given  by  dividing  the 
riiil.  Ma,j.  S.  5.  Vol.  4.  No.  24.  Sept.  1877.  P 
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8.  It  is  an  interesting  fact  pointed  out  by  Sir  William 
Thomson  (Phil.  Mag.  May  1873)  that  the  distance  through 
which  graA-ity  is  effective  would  depend  on  the  distance  through 
which  the  gravific  particles  move  before  being  intercepted  by 
collision  with  each  other  (which  is  equivalent  to  the  mean 
length  of  path  of  the  particles).  By  assuming  the  distance  of 
the  stars  to  be  a  multiple  of  the  mean  length  of  path  of  the 
particles,  it  would  therefore  follow  that  the  stars  do  not  gra\-i- 
tate  towards  each  other — this  satisfving  the  condition  for  the 
stability  of  the  universe.  The  assumption  of  all  the  bodies  of 
the  universe  gravitating  towards  each  other  is  e%"idently  quite 
inconsistent  with  stabilitv*  (as  already  pointed  out  by  Professor 
Challis).  All  that  we  require  to  admit  is  that  the  effects  of 
crravitv  hold  throucrh  as  great  distances  as  we  have  observed 
them. 

9.  The  distance  through  which  gravity  has  been  observed  to 
act  is  well  known  to  be  but  an  intinitesimal  fraction  of  the 
distance  of  the  stars.  It  may  therefore  well  l)e  that  the  mean 
length  of  path  of  the  jtarticles  of  the  medium  producing  gra- 
vitv  mav  be  but  an  infinitesimal  fraction  of  this  distance. 
The  column  of  the  graA"ific  medium  intercepted  between  two 
stars  would  therefore  on  the  ichole  be  at  rest,  just  as  a  column 
of  gas  is  at  rest  between  two  bodies  a  visible  distance  apart 
(/.  e.  a  distance  which  is  a  large  multiple  of  the  mean  length 
of  path  of  the  particles  of  gas).  Le  Sage  appears  to  have 
assumed  that  the  mean  length  of  ]>ath  of  the  gravific  particles 
swept  through  the  universe ;  or  he  assumed  that  streams  of 
matter  came  from  the  depths  of  space  and  passed  entirely 
through  the  \"isible  universe  into  space  beyond*.  This  assump- 

velocity  of  sound  in  air  by  -g— ;  so  of  other  gases.     Thm  it  appears  that 

the  velocitv  of  a  wave  in  anv  medium  constituted  according  to  the  kinetic 
theory  (such  as  the  velocity  "of  a  wave  of  sound  in  air)  is  solely  dependent 
on  and  proporti'jnal  to  the "  velocity  of  the  particles  of  the  medium :  and 
this  velocity  of  the  wave  is  independent  of  the  density  or  pressure  of  the 
medium,  or"  of  any  thing  else  excepting  the  velocity  of  its  particles, 

*  Le  Sa^re  assilmed  that  a  continual  supply  of  matter  from  without  was 
necessary  for  the  maintenance  of  gravity  in  the  visible  universe,  and  that 
all  but  a"  very  small  fraction  of  this  supply  passed  through  ineftectively 
and  w;\s  dissipated  again  in  ultramundane  space — a  means  apparently 
quite  disproportionate  to  the  end  in  view.  We  observe  that  under  the 
principles  of  the  kinetic  theory  no  such  supply  is  necessary,  but  that  all 
the  conditions  requisite  for  gravity  may  be  fulfilled  by  a  medium  perva- 
ding the  visible  universe,  and  which  is  at  rest  as  a  whole ;  or  the  gravific 
medium  within  the  bounds  of  the  visible  universe  may  be  compared  to 
the  air  within  a  receptacle,  which  is,  as  a  whole,  at  rest ;  and  therefore 
there  is  no  more  waste  of  the  matter  producing  gravity  than  if  mundane 
matter  did  not  exist.     If  we  imagine,  m  analogy,  a  being  extremely  small 
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tiou  cannot  but  be  regarded  as  fantastic,  and,  as  we  observe, 
is  by  no  moans  necessary.  The  mean  lengtli  of  path  of  the 
particles,  so  far  from  being  comparable  to  the  dimensions  of 
the  visible  universe,  may  be  but  an  infinitesimal  fraction  ot 
the  distance  of  two  of  its  })rimary  components.  All  we  require 
to  admit  is  that  the  mean  length  of  path  of  the  particles  of  the 
medium  is  at  least  as  great  as  the  very  limited  range  through 
which  gravity  has  been  observed  to  act ;  or,  in  order  to  ex- 
plain all  the  observed  facts,  it  is  sufficient  to  admit  that  the 
universe  is  immersed  in  a  gas  (or  medium  constituted  accord- 
ing to  the  kinetic  theory)  the  mean  length  of  path  of  whose 
particles  is  so  adjusted  as  to  cause  the  minor  or  s(^condarv  por- 
tions of  the  universe  to  gravitate  towards  each  other*.  Under 
the  simple  conception  of  a  variation  in  the  diameter  of  the  ])ar- 
ticles  of  a  medium,  the  mean  length  of  path  of  the  particles 
(and  with  it  the  range  of  gravity)  is  capable  of  adjustment 
•with  precision  to  any  range.  It  would  proba])lybe  difficult  to 
imagine  an}-  more  simple  condition  as  a  mechanical  means  to 
an  end  than  this. 

10.  It  is  a  necessary  condition  to  Le  Sage's  theory  (in  order 

compared  with  the  mean  length  of  path  of  an  air  molecule,  to  be  stationed 
in  the  centre  of  a  receptacle  containing-  air ;  then  this  minute  observer 
would  notice  the  air  molecules  passin;/  coutinuiilly  in  streams  equally  in 
all  directions;  and  the  observer,  not  beinp  able  to  trace  the  beginning 
and  end  of  the  path  of  the  molecules,  would  naturally  imagine  that  tlie 
molecules  were  being  supplied  in  streams  from  outside  the  receptacle, 
and,  observing  the  continued  regularity  of  the  streams  equally  in  all 
directions,  would  suppose  that  there  must  be  some  external  mechanism 
supplying  the  streams  of  molecules  equally  and  synunetrically.  This 
is  what  would  be  supposed  in  the  absence  of  the  application  of  the  prin- 
ciples of  the  kinetic  theory  to  the  case.  On  applying  this  theory,  it  is 
seen  that  the  same  result  can  take  place  without  a  supply  of  air  ;  iind 
that  the  adjustment  of  the  streauis  of  air  molecules  unitbrnily  in  all  di- 
rections is  automatic,  or  the  inevitable  result  of  dynamical  princ-iples. 

*  If  two  particles  of  a  gas  be  conceived  gradually  to  increase  in  size 
and  mass,  they  will  gi'adually  lose  their  translati>ry  motion  and  finally 
come  practically  to  rest.  If  now  the  two  enlarged  particles  be  at  a  dis- 
tance apart  less  than  the  mean  length  of  path  of  the  remaining  particles  of 
the  gas,  these  two  particles  will  gravitate  towards  each  other  under  the 
dynamic  action  of  the  other  particles  of  the  gas  which  pass  them  in 
streams  (the  opposed  faces  of  the  two  enlarged  particles  being  sheltered 
from  the  streams).  This  condition  of  things  probably  occurs  when  a  va- 
pour condenses,  when  the  gradually  enlarging  water  vesicles  which  happen 
to  be  at  a  distance  apart  less  than  the  mean  length  of  path  of  the  other 
molecules  of  the  vapour  will  be  driven  together  by  the  dynunic  action  of 
these  molecules,  tlius  accelerating  condensation.  Thus  possibly  effects  of 
"  gravity  "  may  be  imitated  by  gaseous  matter  on  molecular  scale,  as  is  ob- 
served in  the  larg^  scale  of  the  universe.  It  may  be  observed  that  the^e 
are  simply  applications  on  a  smaller  scale  of  the  dynamica,l  principles  of 
Le  Sage's  theorv',  and  therefore  the  deductions  hold  if  the  premises  are 
admitted  to  be  possible. 

P2 
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that  gravity  may  be  sensibly  proportional  to  mass)  that  the 
total  volume  of  free  space  in  a  substance,  in  the  form  of  inter- 
stices between  the  molecules  or  in  their  structure,  nmst  be 
great  compared  with  the  total  volume  of  matter  contained  in 
the  molecules  themselves.  Le  Sage  assumed  the  molecules  of 
substances  to  have  a  sort  of  open  structure  in  the  form  of 
cages  Avith  wide  interstices.  This  condition  of  free  interstices 
would  be  equally  satisfied  by  assuming  the  molecules  to  be 
small  relative  to  their  mean  distance,  or  on  the  condition  of 
the  vortex-ring  atom  theory,  without  any  necessity  for  making 
the  above  somewhat  fantastic  assumption  of  cage-structure. 

11.  It  is  necessary  to  assume  that  the  particles  producing 
gravity  are  in  very  close  proximity  compared  with  molecules, 
otherwise  the  particles  would  be  unable  by  their  motion  to 
produce  a  perfectly  equable  pressure  upon  the  molecules  of 
matter.  It  might  be  thought  that,  because  the  particles  of  the 
gravific  medium  are  so  close,  and  the  molecules  of  ordinary 
matter  relatively  far  apart,  therefore  the  quantity  of  matter  in 
the  form  of  gravific  particles  enclosed  in  a  given  volume  of 
space  must  be  very  great  compared  with  the  quantity  of  ordi- 
nary matter  that  that  same  volume  of  space  would  contain — 
or,  in  other  words,  that  there  must  be  a  relatively  enormous 
quantity  of  matter  in  the  form  of  gravific  particles.  This  by 
no  means  follows ;  for  although  the  gravific  particles  may  be 
very  close,  the  relative  ([uantity  of  matter  in  them  may  be  very 
small,  provided  the  particles  themselves  are  small.  Indeed  by 
simply  conceiving  an  extreme  degree  of  subdivision,  the  par- 
ticles pervading  a  given  volume  of  space  may  by  continued 
subdivision  be  conceived  to  be  brought  into  as  close  proxinn'ty 
as  we  please ;  and  though  the  space  itself  is  large,  the  total 
quantity  of  matter  thus  used  may  be  conceived  as  small  as  we 
please.  No  consequence  how  minute  the  size  (or  mass)  of  a 
particle  may  be,  the  effect  produced  by  its  motion  remains  as 
great,  provided  its  velocity  be  adequately  augmented.  Tlie 
minute  size  is  the  very  condition  adapted  to  a  high  velocity ; 
and  this  minute  size  is  at  the  same  time  the  necessary  condi- 
tion for  a  long  mean  path.  Thus  we  may  observe  that  the 
mechanical  conditions  of  the  problem  fit  into  each  other.  The 
matter  of  the  gravific  medium  is  in  such  a  finely  subdivided 
state,  and  its  motion  so  rapid,  that  its  presence  necessarily 
eludes  detection.  The  pressure  (termed  "  gravity  ")  due  to 
the  motion  of  the  particles  of  the  gravific  medium  is  no  more 
difficult  of  realization  than  the  pressure  due  to  the  motion  of 
the  molecules  of  air.  If  the  motion  of  the  molecules  of  air  be 
unrecognized  by  the  senses,  how  much  more  must  this  be  the 
fact  with  the  minute  gravific  particles ;  indeed  it  is  difficult 
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to  see  what  mechanical  objection  can  be  urged  against  this 
realization  of  the  problem,  which  is  extremely  simple. 

12.  The  theory  of  "action  at  a  distance"  being  rejected, 
which  is  necessary  in  order  to  explain  the  facts  at  all,  the 
effects  of  gravity  can  in  principle  be  referred  to  only  two 
conceivable  causes.  The  tendency  of  two  molecules  of  matter 
to  approach  each  other  can  be  referred  (1)  to  a  motion  pos- 
sessed by  the  molecules  themselves  disturbing  the  equilibrium 
of  pressure  of  the  medium  between  them  ;  (2)  to  a  motion 
possess(»d  by  the  medium  itself  (in  the  form  of  streams  or 
currents)  acting  upon  the  molecules.  The  first  of  these  two 
conditions  appears  to  be  inadmissible,  from  the  fact  that  we 
cannot  interfere  with  or  modify  gravity  at  will,  whereas  we 
can  very  readily  interfere  with  or  modify  the  motion  of  the 
molecules  of  matter  (as  by  adding  or  subtracting  heat,  for  ex- 
ample). It  therefore  would  appear  that  gravity  must  be  due 
to  some  motion  that  we  cannot  interfere  with,  i.  e.  to  a  motion 
in  the  external  medium  which  we  cannot  handle  or  which  is 
beyond  our  control.  Only  one  conclusion  a})pcars  therefore 
to  be  possible  here  ;  and  therefore  it  would  seem  that  the  theory 
of  Le  Sage  can  scarcely  be  regarded  as  a  mere  hypothesis, 
but  rather  as  an  irresistible  deduction  which  is  forced  upon  us 
in  tlie  absence  of  any  other  conceivable  inference.  Certainly, 
if  simplicity  be  a  recommendation,  th,e  theory  needs  no  recom- 
mendation on  that  gronnd. 

Loudon,  July  1877. 


XXYI.  Tlie  Finite  Tntegrah  of  certain  Partial  ])ifferential 
Ktpiations  ivhich  i^resent  themselves  in  Physical  Investiga- 
tions.    By  the  Rev.  S.  Earnshaw,  M.A. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
ri'^HE  Astronomer  Royal,  in   his  treatise  '  On  Sound   and 
JL      Atmospheric  Vibrations,'  has  drawn  particular  attention 
to  equations  of  the  following  general  form, 

cPu  _d^u       a  du 

dt'  ^chF'^a-d:^-' (^^ 

and  has  expressed  an  opinion  that  equations  of  this  class  can- 
not be  approached  by  any  one  general  method  of  attack.  The 
equation  has  been  solved  l)y  the  Astronomer  Royal  himself  in 
a  finite  form  for  the  two  cases  rt  =  0  and  a  =  2;  but  in  other 
cases  he  has  had  recourse  to  infinite  series,  which,  it  is  observed, 
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is  an  unsatisfactory  form  of  an  integral  when  its  convergence 
is  not  assured. 

Now  on  looking  at  the  above  equation,  we  see  that  mt  +  h, 
±m.v,  and  w  +  C  may  be  respectively  written  for  t,  x,  and  u 
without  in  any  way  affecting  it — A,  m,  C  being  what  1  have 
elsewhere  called  yenns,  i.  e.  quantities  capable  of  being  con- 
sidered either  arbitrary  constants  or  arbitrary  independent 
variables.  Hence  we  know  that  the  integration  of  equation 
(1)  comes  within  the  Germ-integral  Theory  ;  and  by  this  theory 
the  following  results  have  been  obtained: — 

I.  If  a=2/i  +  6,  n  being  an  integer,  and  if  w  be  the  integral 
of  equation  (1)  when  h  is  written  for  a,  we  have  the  following 
important  fonnula, 

"  +  C  =  (5i.)''» (2) 

II.  Hence,  when  a  is  an  even  integer  and  ?>  =  0,  we  have  the 
following  integral  of  (1)  for  this  case, 

a 

"+C=(:;i)'F(-±0 (3) 

(It  will  be  perceived  that  F(.r±i)  is  used  as  a  brief  represen- 
tative of  the   sum  of  two   independent  arbitrary   functions, 

F(.^-f-Oand/(.^— 0.) 

III.  If  a  be  an  odd  integer  and  t  =  l,  the  integral  of  (1) 
will  in  this  case  be 


"+«=^(.4y"^''°«(\/^i±\/5-o  • 


(4) 


when  t'^  is  greater  than  x^;  but  when  t^  is  less  than  x\  then 
the  integral  takes  the  following  form, 

„  +  C=  f-4-V'^|Acos->-+Bsin-'-|.       .     .     (5) 
\xdx/        (.  X  X)  ^  ^ 

But  as  these  are  what  in  the  germ-theory  are  denominated 
root-integrals,  it  will  be  necessary,  in  order  to  convert  them 
into  general  integrals,  to  write  in  them  t-\-]i  for  t,  h  being  ^'s 
germ. 

IV.  When  a  is  not  an  integer,  we  find 

^=A(/2-.r2)-I  +  B(/2-.r2)|-V-«,     .     .      (G) 


or 

dt 


rill  "  " 

'^'r=Ay,^^t'')-^^V,{a^-t'')^'\-'-",     .     .      (7) 
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the  former  or  the  latter  to  bo  used  according  as  t"^  is  greater 
or  less  than  x"^. 

Of  course,  to  obtain  w  +  C  from  these,  we  have  still  to  inte- 
grate once  with  regard  to  t.     Nevertheless    ,     is  an  integral 

of  the  proposed  equation  ;  but  it  is  not  the  complete  integral. 
We  have  also  to  notice  that,  when  this  integration  has  been 
effected,  we  nmst  then  write  in  tlie  resulting  integrals  t  +  h 
for  t. 

Thus  integrals  of  equation  (1)  have  been  found  in  finite 
terms  when  a  is  any  integer  whatever ;  but  in  the  remaining 
case,  when  a  is  not  an  integer,  we  have  only  found  the  general 

value  of  -;-,  which,  however,  is  itself  an  integral  in  finite  terms. 

I  will  now  turn  to  another  general  class  of  differential  equa- 
tions which  has  hitherto  resisted  all  efforts  to  find  a  general 

integral  of  it.  If  we  write  ,2;i-o  for  x,  and  t  for  {l—a)t  in 
e(iuation  (1),  the  result  will  take  the  following  general  form, 

w='"'-'d?' ^^^ 

which  will  be  at  once  recognized  as  an  equation  which  has 
never  been  integrated  in  finite  terms,  except  in  a  certain  class 
of  particular  cases.  Its  integral  may  be  deduced  from  the 
results  contained  in  II.  and  IV.  by  making  the  forementioned 
substitutions  for  x  and  t  in  them. 

There  is  yet  one  other  differential  equation  which  is  men- 
tioned by  the  Astronomer  Eoyal  as  being  of  im})ortance  in  a 
certain  problem  of  sound,  and  has  not  been  integrated  in  finite 
terms.     It  is  of  the  following  form, 

<Pu      cPu  ,   .    du  ,„. 

c/r      dx''         dx  ^  ^ 

By  the  method  of  germ-integration  the  root-integral  of  this 
equation  is  found  to  be 

u  +  C=\- --,  +  ^ Xe-aC^'TTti^—i)^.     (10) 

and  this  root-integral  will  become  the  general  integral  of  the 
equation  (9)  if  we  write  t  +  h  for  t,  and  x  +  k  for  .rinit,  h  and 
k  being  the  germs  of  t  and  x  respectively. 

Sheffield,  August  17, 1877. 


[    2in    ] 

XXVII.  Notes  071  theTheory  of  Sound.     Bi/  R.  H.  M.  Bosan- 
QUET,  Fellow  of  St.  Johns  College,  O.ifovd. 

[Continued  from  p.  136.] 

EROM  the  above  principles  the  proportion  of  the  issuing 
energy  which  reenters  the  tube  can  be  innnediately  de- 
duced. In  the  case  of  outward  flow,  one  fourth  of  the  issuing 
energy  reenters  the  tube ;  in  the  case  of  inward  flow,  the 
whole.  (The  reentering  cjuantity  is  measured  in  the  first  case 
by 

Jo    S'-'  S^'' 
in  the  second  case  by 

r/S 


02  •) 


If  the  air  is  flowing  outward  half  the  time  and  inward  half  the 
time,  the  energy  lost  in  a  complete  period  will  be  half  the 
whole ;  if  the  period  be  not  divided  symmetrically  between 
the  inward  and  outward  flow,  the  case  will  be  different.  It  is 
difficult  to  submit  this  to  the  test  of  experiment;  but  it  may 
be  done  in  simple  cases  by  testing  the  resonance  to  tuning- 
forks  differing  in  pitch  from  the  proper  note  of  the  resonator 
or  pipe  considered. 

The  following  approximate  result  of  experiment  is  now 
enunciated,  so  far  as  I  am  aware,  for  the  first  time. 

The  character  of  the  sympathetic  vibration  of  all  resonators 
which  connnunicate  with  the  outer  air  by  simple  openings  is 
approximately  the  same  when  referred  to  Heimholtz's  scale 
(Ellis"s  '  Helmholtz/  p.  213);  i.  e.  the  difference  of  pitch  in 
the  exciting  tone  which  reduces  the  intensity  to  ^\y  is  the 
same  ;  and  the  number  of  vibrations  after  which  the  energy 
of  the  vibration  reduces  to  ^  is  the  same.  I  had  been  under 
the  impression,  the  origin  of  which  I  cannot  now  trace,  that 
resonators  which  had  apertures  small  compared  with  their  length 
stood  higher  in  the  scale  of  retention  than  such  as  have  large 
apertures.  It  is  on  experimental  grounds  that  I  have  come 
to  recognize  the  fallacy  of  this.  The  following  is  the  simplest 
crucial  experiment. 

A  bottle  resonator  with  small  aperture  resounds  to  e\)".  A 
brass  tube  about  an  inch  in  diameter,  open  at  both  ends,  re- 
sounds to  the  same  note.  A  c"  fork,  a  minor  third  below,  is 
struck,  and  rapidly  passed  over  the  apertures  of  bottle  and 
tube  alternately.  If  the  experiment  is  properly  arranged, 
the   sympathetic,  response   is  about  equal  in  the  two  cases. 
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(It  is  necessary  to  take  care  and  arranfjo  the  tube  in  the  most 
advantageous  position  for  hearino-,  which  is  with  the  tsvoends 
equidistant  from  tlic  head.  If  tlie  tube  is  hekl  upright  with 
one  end  near  the  face,  no  response  will  be  heard  from  it  at  all.) 
If  the  oi)eninos  are  then  partially  covered,  so  as  to  bring  both 
resonator  and  tube  into  tune  with  the  fork,  the  maximum  re- 
sonance is  also  about  the  same  in  both  cases. 

The  response  in  the  case  of  a  minor  third  is  faint  but  quite 
audible  ;  it  is  not  inconsistent  with  the  supposition  that  it  is 
in  amount  j^,  of  the  maximum  response.  Now,  if  the  loss  of 
energy  is  ('(lual  in  amount  to  ^  the  whole  ston;  in  each  vibra- 
tion, according  to  the  preceding  n^asoning  it  would  take  a 
liUle  over  3  vibrations  to  diminish  the  store  to  j\j  (for  3 
vibrations  would  diminish  it  to  ^).  This  would  correspond  to 
the  7th  step  of  Helmholtz's  scale,  which  is  as  follows  (/.  c): — 

Diflerenco  of  pitch  wliicli  Number  of  vibrations  after 

reduces  aynipathetic  vi-  which  intensity  of  tone  (Penerjiy 

bration  to   ,'„.  of  vibration)  reduces  to  -jo- 

7.       Minor  third.  3'17 

Wp  may  assign  both  our  experimental  and  theoretical  results 
to  this  case  without  substantial  discordance,  considering  the 
small  degree  of  accuracy  of  the  estimations. 

It  only  remains  to  give  some  account  of  the  experimental 
determination  of  the  position  of  the  centre  of  phase.  In 
Helmholtz's  memoir  in  Crelle,  Ivii.,  Wertheim's  results  are 
stated  as  follows: — 

Mean  for  pipes  open  at  both  ends  ='663R,  the  determina- 
tions ranging  from  '5611  to  '82  R. 

Mean  for  pipes  closed  at  one  end  ='746R,  the  determina- 
tions rangincj  from  "64  R  to  "86  R. 

I  have  to  thank  Lord  Rayleigh  for  lists  of  the  Wertheim 
determinations,  with  the  numerical  results  reduced  to  the  pre- 
sent form.  These  accord  substantially  with  the  above  account, 
making  the  means  'GGSR  for  open  pipes  and  "76611  for  stopped 
pipes.  The  discordances  of  separate  experiments  are  greater 
according  to  these  lists  than  according  to  Helmholtz's  account. 

The  open  pipes  considered  are  plain  cylinders,  not  organ- 
pipes;  and  the  datum  to  which  the  number  refers  is  the  cor- 
rection to  the  length  for  07ie  open  end,  the  same  quantity  that 
I  call  the  distance  of  the  centre  of  phase  of  the  reflected  vibra- 
tion from  the  end  of  the  pipe. 

The  results  of  Zannniner,  also  quoted  by  Helmholtz,  are 
rather  wild.  They  aj)pear  to  show  a  diminution  of  the  cor- 
rection tcith  the  wave-length,  and  vary  from  '85  to  "5  R  for 
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open  pipes,  and  from  1*3  to  '38  R  for  stopped  pipes.  Helm- 
holtz  assumes  in  this  memoir  that  his  solution  for  the  case  of 

a  flange  (hemispherical  divergence),  which  is  j(=:*785)R, 

agrees  sufficiently  well  with  the  experimental  results. 

Lord  Rayleigh  noticed  that  the  eflf'ect  of  a  flange  could  be 
determined  experimentally,  and  has  recently  determined  it  at 
•2R.  I  have  determined  it  at-25R.  If  we  admit  -SR  as 
the  value  of  the  correction  for  hemispherical  divergence  (in- 

termediate  value  between  jofHelmholtz  and '82  of  Rayleigh), 

we  have  '55  R  as  the  value  deduced  from  the  hemispherical 
case  supposed  known.  (I  do  not  express  a  decided  opinion 
as  to  the  logical  cogency  of  the  old  investigations ;  it  appears 
to  me  to  fail,  if  the  considerations  I  have  urged  concerning 
the  form  of  outward  flow  be  admitted.) 

I  now  come  to  my  own  determinations  of  the  corrections 
for  o])en  ends.  The  question  resolves  itself  entirely  into  one 
of  Tonometry ;  and  after  the  light  recently  thrown  by  Mr. 
Ellis's  indefatigable  comparisons  on  the  errors  of  the  irtnndards 
in  ordinary  use,  it  is  not  astonishing  if  the  tonometry  of  the 
old  experimenters  can  now  be  improved  on.  The  only  expe- 
riments I  shall  cite  here  were  made  after  some  experience  had 
been  gained  ;  they  Avere  all  carried  out  by  comparisons  with 
forks  which  I  copied  myself  from  Appun's  tonometer  at  South 
Kensington.  I  do  not,  however,  cite  them  as  final.  The 
error  of  the  transfer  to  the  forks,  and  of  any  subsequent  alte- 
ration (to  which  forks  are  known  to  be  liable),  though  small, 
can  still  be  avoided.  If  at  some  future  time  I  am  able  to  em- 
ploy a  tonometer  under  such  circumstances  that  I  can  myself 
verify  it  and  then  use  it  directly,  I  am  satisfied  that  the  dis- 
cordances still  outstanding  may  be  further  reduced. 

The  comparison  of  notes  was  made  in  all  cases  by  blowing 
short  discontinuous  jets  of  air  across  the  open  end  of  the  pipe. 
The  pipe  is  not  actually  made  to  speak;  but  as  the  disturbance 
subsides  a  faint  sound,  not  clear,  but  of  perfectly  definite  pitch, 
is  emitted,  which  is  due  to  the  vibrations  of  the  resonator  as  it 
dies  away  in  its  own  pitch. 

If  I  come  at  any  future  time  to  the  discussion  of  the 
theory  of  the  speech  of  organ-pipes,  it  will  be  seen  that 
the  existence  of  a  steady  vibration  generally  (not  always) 
involves  a  departure  from  the  natural  pitch  of  the  pipe. 
But  it  is  known  that  the  pitch  in  w^hich  a  vibrating  body 
left  to  itself  dies  away  is,  for  all  practical  purposes,  the  same 
as  the  natural  pitch  (note  of  maximum  resonance).  A  good 
way  of  satisfying  one's  self  that  the  note  thus  obtained  is  in- 
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dependent  of  the  steady  note  produced  by  any  particular 
mode  of  excitation  is  this.  Take  a  bottle  resonator  whose 
pitch  is  about  a  minor  third  above  that  of  a  fork.  Hold  the 
fork  to  the  bottle,  and  cover  the  mouth  ])artially  with  the 
finger  till  the  pitch  is  reduced  to  that  of  the  fork,  which  is 
easily  tested  by  blowing  lightly;  then  by  alternately  raising 
the  finger  and  a})plying  it  to  the  hole,  the  pitch  of  the  reso- 
nator may  be  alternated  between  that  of  the  fork  and  its  own 
a  minor  third  higher.  Now,  if  the  fork  be  held  steadily  to  the 
mouth  and  the  finger  moved  in  this  manner,  the  note  of  the 
fork  is  distinctly  heard  to  be  followed  by  the  proper  note  of 
the  resonator  for  an  instant,  the  excited  vibrations  dying  away 
in  die  proper  note  of  the  resonator. 

1  cite  two  experiments  only  with  tubes  open  at  both  ends. 
Tliese  had  their  pitch  so  arranged  as  to  fall  in  regions  where 
1  had  forks  at  inter\  als  of  four  vibrations  copied  from  Appun's 
tonometer.  The  interval  between  two  such  forks  is  to  my  ear 
a  gross  quantity  ;  and  the  division  of  the  interval  by  estimation 
is  more  feasible  than  with  larger  intervals.  In  some  cases  I 
tuned  a  fork  to  the  note  to  be  determined,  and  then  counted 
the  beats  it  made  with  the  forks  on  each  side  of  it.  In  others 
I  availed  myself  of  the  variation  of  temperature  of  the  room, 
noting  at  what  temperatures  the  tubes  coincided  with  any  of 
the  standard  forks.     The  velocity  of  sound  at  0°  C.  was  taken 

at  1087  feet  per  second  (Note  1).  jz  is  the  ratio  of  the  wave- 
length to  the  diameter  of  the  tube  (approximate).  The  value 
of  the  correction  is  the  difference  between  the  length  deduced 
from  the  observed  note  and  the  true  length  for  one  open  end. 

TT-  R-  Length.  Correction, 

n  1  in.  5  in.  -HSoR 

15  -97  in.        14-1  in.  •543R. 

I  regard  these  two  as  probably  the  best  determinations  I  have. 
Both  tubes  were  prepared  of  perfect  form  with  great  care ; 
and  the  exact  knowledge  of  the  pitch,  with  the  presence  of 
two  open  ends,  enables  me  to  say  that  I  do  not  think  it  possible 
that  either  determination  can  be  in  error  by  more  than  half 
the  difference  between  the  two.  Under  these  circumstances 
I  state  the  following  as  an  experimental  law.  The  correction 
for  the  open  end  of  a  tnhe  increases  and  diminislies  ivith  the 
ratio  of  diameter  to  loave-length.  I  need  hardly  say  that  this 
does  not  rest  only  on  these  two  obsers  ations ;  but  they  illus- 
traie  it. 

I  now  come  to   tubes  stojiped  at  one  end.     Tliese  experi- 
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ments  were  all  made  with  the  tube  emy)]oyed  in  the  second  of 
the  above  determinations,  to  which  a  flat  movable  plug  was 
fitted.  I  had  some  difficulty  in  getting  the  plug  to  fit  per- 
fectly;  and,  whetherTrom  this  or  some  other  reason,  these  de- 
terminations do  not  agree  so  perfectly  as  those  given  above. 
The  method  was  to  shift  the  plug  till  the  note  agreed  with  one 
of  the  tonometer-forks: — 

A.  Description.  Correction. 

1  o                   J  Mean  from  determinations  of  1  -f-xMi 
(    four  adjacent  forks  about  r"  J 

15  Mean  of  three  forks  about  a'  -554  R 

17  g'  -595  R 

25  V#  -503  R 

26  e'  -4311. 

That  there  are  some  inequalities  and  discrepancies  here  is 
evident;  but  they  are  less  than  those  of  Wertheim,  and  dis- 
tinctly follow  the  law  above  announced. 

IjCss  weight  attaches  to  these  observations  than  to  the  two 
with  both  ends  open ;  it  is  not  practicable  to  ascertain  the 
efiective  dimensions  of  a  very  short  pipe  closed  by  a  movable 
stopper  with  any  thing  like  the  accuracy  with  which  this  can 
be  done  for  a  cylinder  open  at  both  ends.  These  results,  how- 
ever, distinctly  negative  the  position  which  follows  from 
Wertheim's  numbers,  that  the  correction  for  stopped  pipes  is 
greater  than  that  for  open  ones.  They  do  not  furnish  male- 
rial  for  any  distinction  between  the  two. 

The  present  experiments  are  those  which  were  made  with 
all  care ;  they  confirm  the  general  conclusions  T  had  arri\  ed 
at  ])reviously  by  a  considerable  number  of  exi)eriments  of  a 
preliminary  character.  1  have  not  at  present  attemi)ted  an 
extensive  series  of  experiments,  as  I  cannot  expect  final  results 
until  I  verify  a  tonometer  myself  and  then  use  it  directly. 

The  c%  fork  used  in  the  last  experiment  but  one  has  been 
verified  repeatedly  ;  and  I  consider  it  the  best  single  fork  I 
have.  I  am  confident  that  the  error  of  that  determination 
does  not  amount  to  1  vibration  out  of  276,  which  would  cor- 
respond to  about  "04  R. 

1  must  further  quote  one  of  my  older  experiments  on  a 
longer  tube  open  at  both  ends.  It  is  a  piece  of  gas-pipe  33-2 
in.  long  and  exactly  1  in.  in  diameter.  It  gives  a  very  clear 
note.  I  copied  its  octave  (at  55°  F.)  on  a  fork ;  I  tlien  took 
up  the  fork  and  determined  it  at  the  tonometer  at  South  Ken- 
sino-ton.  It  was  exactly  3i)6;  this  gives  the  correction  for  one 
end*  =  •436  R.     Calculating  the  vibration-number  IVom  cor- 
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rection  =*()R,  we  find  o94:,  a  difference  of  two  vibrations. 
Unless  this  was  due  to  an  alteration  ot*  the  fork  in  the  mean- 
time, I  am  confident  that  an  error  of  this  amount  could  not 
liave  taken  place. 

The  general  conclusion  I  draw  is,  that  the  value  '55  R  for 
an  open  end  is  about  the  me:in  of  the  values  1  obtain  under 
A'arious  circumstances,  and  niay  be  used  provisionally  until 
improved  observations  enable  us  to  go  further. 

The  5-in.  iron  tube  of  2  in.  diameter  was  also  used  for  the 
dL'termination  of  the  effect  of  a  flange;.  Two  grooves  were 
turned  on  the  outside  edges  of  the  tub;,',  and  two  wooden  cir- 
cular flanges  about  7  in.  in  diameter  fitted,  with  faces  flush 
with  the  ends  of  the  tube.  The  interval  betwe;^^!  the  note  with 
and  without  the  flanges  I  estimated  at  about  l!^  mean  semi- 
tone, or  about  11  :  12  in  ratio.  The  reduced  length  of  the 
tube  being  just  G  in.,  the  change  introduced  was  equivalent  to 
\  an  inch — "5 11  for  two  flanged  ends,  or  '25  li  for  each  flanged 
end. 

The  knowledges  of  the  correction  for  the  o[)en  (Mid  of  a  pipe 
mny  be  apj)li(Hi  usefully  to  obtain  an  approximate  standard 
pitch  for  practical  purposes.  If  we  form  a  cylinder  of  gas- 
pipe,  and  measure  the  length,  diameter,  and  temperature,  we 
obtain  the  vibration-number  from  the  formula 

n=lUo7, 


2(^  +  -55D)' 

where  32  +  ^  is  the  temperature  (Fahr.),  I  the  length,  and  U 
the  diameter.  The  note  is  obtained  very  clearly  by  blowino- 
sliort  discontinuous  jets  of  air  across  the  end.  The  pij)e  must 
be  left  to  acquire  the  temperature  of  the  room,  and  liandled 
quickly  with  gloves,  or,  better,  placed  in  a  stand.  A  pipe  25 
inches  long  and  \  iiich  in  diameter  gives  a  medium  modern  r' . 
A  wider  pipe  of  the  same  length  gives  a  somewhat  lower  r' . 
The  note  can  easily  b(3  got  correctly  in  this  way  within  say 
two  vibrations. 

The  c"  forks  sold  vary  in  pitch  through  about  a  semitone ; 
modern  forks  being  generally  about  544,  and  most  of  those 
sold  as  512  being  from  520  to  530.  Compared  with  such 
forks,  notes  obtained  as  above  may  be  regarded  as  very  accu- 
rate. 

1  have  made  one  determination  of  the  correction  for  a  square 
pipe  open  at  both  ends.  The  pipe  was  made  accurately  of  the 
same  length  as  the  iron  pipe  with  the  flanges;  ihe  side  of  the 
square  was  equal  to  the  diameterof  the  iron  ])ij)(s ;  and  the  edo-es 
were  thinned  oft' outside  so  as  to  leave  nothing  in  the  nature'^of 
a  flange.  The  note  is  exactly  that  of  the  cylinder  with  flajio-es  • 
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i.  e.  the  correction  is  about  "88  R,  where  R  is  the  half-side.  It 
is  quite  possible  to  calculate  the  correction,  according  to  the 
preceding  principles, on  the  hypothesis  of  spherical  divergence  ; 
but  the  result  always  comes  out  much  less  than  the  experi- 
mental value,  even  if  a  considerable  allowance  is  made  for  the 
shortness  of  the  pipe  compared  with  the  wave-length. 


Errata  in  Note  6  (Phil.  Mag.  August). 

Page  12->,  Hue  6  from  foot  of  page,  /or  vortical  read  vertical. 

—  —      —  5  from  foot  of  page,  for  vertical  read  vortical. 

—  131,  line  17,  at  the  end  of  the  line, /or  gj  read  g^  • 


XXVIII.    On  the  Nature  of  lohat  is  commonly  termed  a 
"  Vacuum.''^ 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Queen's  Uuiver-sity,  Dublin, 
Gentlemen,  August  19, 1877. 

ri^HE  readers  of  Mr.  Preston's  paper  in  this  month's  Num- 
J-  ber  of  the  '  Philosophical  Magazine,'  "  On  the  Nature  of 
what  is  commonly  termed  a  '  Vacuum,'  "  might  perhaps  sup- 
pose Avith  him  that  the  subject  is  one  which  had  not  been  pre- 
viously noticed,  and  conclude  that  we  are  as  yet  without  an 
explanation  of  ''  Crookes's  force,"  in  which  the  vast  multitude 
of  the  gaseous  molecules  that  are  present  has  been  taken  into 
account. 

The  subject  is  one  which  cannot,  I  should  think,  have  been 
overlooked  by  any  real  .student  of  the  molecular  theory  of 
gases ;  and  in  particular  your  readers  will  find  it  thus  treated 
in  a  paper  that  I  presented  ten  years  ago  to  the  lloyal  Society 
(see  Phil.  Mag.  [IV.]  vol.  xxxvi.  p.  141):— "It  is  therefore 
probable  that  there  are  not  fewer  than  something  like  a  unit- 
eighteen  of  molecules"  [{.  e.  1,000000,000000,000000]  "in 
each  cubic  millimetre  of  a  gas  at  ordinary  temperatures  and 
pressures.  Hence  we  may  see  how  entirely  remote  from  a  state 
of  emptiness  that  which  usually  passes  under  the  name  of  a 
vacuum-chamber  really  is.  If  there  be  a  unit-eighteon  of 
molecules  in  every  cubic  millimetre  of  the  air  about  us,  there 
will  remain  a  unit-fifteen  "  \i.  e.  a  thousand  millions  of  mil- 
lions] "  in  every  cubic  millimetre  of  the  best  vacuums  of  our 
ordinary  air-pumps.  The  molecules  are  still  closely  packed, 
within  about  an  eighth-metre  of  one  another  ;  i.  e.  there  are 
about  sixty  of  them  in  a  wave-lenoth  of  orange  light."  And 
in  two  papers  published  in  last  year  s  '  Philosophical  Magazine ' 
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[V.]  vol.  i.  {)|).  177  &  305,  I  oft'erod  an  explanation  of  the 
niochanical  stresses  within  Crookos's  radiouKiters  based  upon 
this  very  consideration:  see  in  particular  page  178,  where  the 
fbllowinir  words  occur: — "  I  cannot  refrain  from  observing 
hero  how  entirely  remote  such  a  chamber"  [viz.  a  Spnmgfd 
vacuum  indicated  by  one  tenth  of  a  millimetre  of  mercury] 
"  is  from  bcnng  empty.  It  follows  from  what  we  know  of  the 
number  of  molecules  in  gases  at  ordinary  pressures,  that  the 
number  remaining  in  this  so-called  vacuum  will  be  somewhere 
about  a  unit-fourteen,  ?'.  e.  one  hundred  millions  of  millions,  in 
every  cubic  millimetre."  After  which  I  quote,  in  proof  of 
this  assertion,  the  determinations  of  the  mean  interval  at  which 
the  molecules  of  gases  are  spaced,  by  Professor  Loschmidt  in 
18()5,  by  myself  in  18(i7,  and  by  Sir  William  Thomson  in 
1870. 

It  is  plain,  however,  that  Mr.  Preston  has  done  good  service 
by  recalling  attention  to  the  immense  number  of  tlu^  molecules, 
and  the  consequent  shortness  of  the  excursions  of  each  mole- 
cule between  its  succ(>ssive  encounters  with  other  molecules  ; 
since  the  subject  was  new  to  himself,  and  had  been  overlooked 
by  some  of  the  writers  upon  Crookes's  radiometer. 
I  am,  Gentlemen, 

Yours  faithfully, 

G.  Johnstone  Stoney. 
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21i(i  Whitivorth  Measuring  Machine,  including  Descrijjtions  of  the 
Surface-phdes,  Gauges,  and  other  Measurinrj  Instrrmients  made  bg 
Sir  Joseph  Whitwohtii,  Jinrt.,  C.E.,  F.li.S.,  D.C.L.,  LL.D.,  cK 
Bg  T.  M.  GooDEVE,  M.A.,  Barrister-at-Law,  Lecturer  on  Applied 
Mechuvics  at  the  Royal  School  of  Mines,  and  C.  P.  B.  Shelley, 
Civil  Engineer,  Honorary  Fellow  of,  and  Professor  of  Manufac- 
turing Art  and  Machinery  in,  King's  College,  London.  With  4 
plates  and  44  ivoodcuts.  London :  Longmans,  Green,  and  Co. 
1877.  (Fcp.  4to,  pp.  84.) 

A  S  an  mstance  of  the  importance  to  mechanical  engineers  of 
-^-^  very  small  differences  of  size,  Sir  J.  Whitworth,  in  a  paper 
read  in  1857,  took  the  case  of  "an  internal  gauge  having  a  cvHn- 
drical  aperture  '5770  hich  diameter,  and  two  external  gauges,  or 
solid  cylinders,  one  being  •57()0  inch  and  the  other  -5770  inch  dia- 
meter. The  latter  is  1-lOOUOth  of  an  inch  larger  than  the  former, 
and  tits  tightly  in  the  internal  gauge  when  both  are  clean,  and 
dry  ;  while  the  smaller  •57G9-inch  gauge  is  so  loose  in  it  as  to  ap- 
pear not  to  fit  at  all."  He  remarked,  that  it  was  plain  from  tliis 
instance,  "  that  the  difference  between  these  two  cylinders  is  an 
appreciable  and  important  quantity,"  and  he  added  that  "  when  a 
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good  workman  becomes  familiar  with  such  sizes  as  •001  and  '0001 
of  au  inch,  he  will  not  rest  satisfied  until  he  can  work  with  corre- 
sponding accuracy  "  (pp.  73,  74).  The  instrument  whereby  the 
workman  is  enabled  to  become  practically  acquainted  with  these 
minute  divisions,  is  the  workshop  measuring-machine  ;  the  primary 
object  of  which  is  the  construction  of  accurate  difference-gauges, 
e.  f/.  of  a  series  of  solid  cylinders  whose  diameters  shall  form  au 
arithmetical  progression  having  a  common  difference  of  l-5000th 
of  an  inch.  It  consists  essentially  of  two  small  planes  accurately 
parallel  to  each  other,  and  capable  of  being  adjusted  at  any  assigned 
distance  by  means  of  screws  with  accurately  divided  heads.  The 
article  to  be  measured  (say  a  solid  cylinder)  is  placed  between  these 
planes,  and  one  of  them  is  moved  forward  until  the  cylinder 
experiences  in  passing  between  them  a  slight  resistance,  the  in- 
tensity of  which  can  be  judged  of  by  the  touch  ;  the  distance  be- 
tween the  planes  can  then  be  determined  by  reading  the  screw- 
heads.  As  the  planes  touch  the  cylinder,  their  distance  is  its 
diameter.  The  machine  resembles  a  small  turning-lathe  :  it  consists 
of  a  cast-iron  bed  and  two  head-stocks,  one  fixed,  the  other  capable 
of  being  moved  along  the  bed  by  a  double-threaded  screw  of  a  half- 
inch  pitch.  By  this  screw  the  movable  head-stock  can  be  quickly 
placed  in  an  approximately  right  position.  The  measuring-planes 
are  the  ends  of  cylhidrical  pieces  exactly  fitted  into  cylindrical 
holes  in  the  head-stocks  ;  they  are  caused  to  advance  and  recede 
by  screws  with  20  threads  to  the  inch — the  head  of  the  screw  in 
the  movable  head-stock  being  di\ided  into  250,  that  in  the  fixed 
head-stock  into  500  equal  parts.  There  are  therefore  three  gra- 
duated parts,  viz.  a  scale  of  inches  on  the  bed,  a  screw-head  reading 
to  1 -5000th  of  an  inch  in  the  movable  head-stock  (A),  and  a  scre\\-- 
head  reading  to  1-lOOOOth  of  an  inch  hi  the  fixed  head-stock  (B). 
Suppose  it  is  required  to  produce  a  gauge  4'003  inches  in  diameter. 
Ilie  sci'ew-head  B  is  set  and  read  ;  the  mo^■able  ht'ad- stock  is 
brought  up  to  the  four-inch  graduation  on  the  bed,  and  clamj)ed ; 
the  screw-head  A  is  then  turned  till  a  4-inch  standard  gauge  just 
passes  freely  between  the  planes,  which  are  now  four  inches  apart; 
the  wheel  B  is  then  set  back  30  divisions,  making  the  planes  4-(»03 
inches  apart ;  and  the  piece  of  metal  is  gradually  formed  till  it  has 
])erfect  but  free  contact  with  the  planes.  AVhen  the  true  adjust- 
ment has  been  given  to  the  machine,  it  is  found  that  an  increase  or 
diminution  of  the  distance  betwa^en  the  planes  corresponding  to  a 
quarter  of  a  division  of  the  large  screw-head,  and  amounting  there- 
fore to  l-40000th  of  an  inch,  causes  a  distinctly  perceptible  dimi- 
nution or  increase  in  the  resistance  which  the  object  encounters  in 
passing  bet\^'een  them,  and  consequently  the  error  in  the  diameter 
of  the  gauge  ought  not  to  exceed  the  4d000th  part  of  an  inch. 

When  the  object  in  \ie\x  is  to  produce  an  exact  copy  of  a  standard 
of  length,  e.(j.  of  a  standard  inch,  a  machine  called  "the  millionth- 
measuring  n)achiiie "'  is  used.  This  is  constructed  on  a  similar 
plan  to  the  workshop  machine,  above  described  ;  but  now  the  head- 
stocks  are  both  fixed,  and  the  measuring-planes  are  wrought  on  the 
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ends  of  rectangular  bars  which  slide  iu  right-angled  V-shaped 
grooves.  The  measuring-bar  iu  the  cue  head-stock  is  moved  by  a 
screw  witfi  a  graduated  head,  one  division  of  which  corresponds  to  aii 
advance  of  the  bar  through  l-5000th  of  an  inch  ;  the  other  is  moved 
by  a  screw  of  20  threads  to  an  inch,  on  whose  head  are  cut  200 
teeth,  which  work  with  a  second  screw,  the  head  of  which  is  divided 
into  250  equal  parts  ;  so  that  one  division  of  the  head  of  this 
second  screw  corresponds  to  an  advance  of  the  measuring-plane 
through  a  distance  of  one  miUionth  of  an  inch.  It  is  uot,  however, 
safe  to  rely  on  the  unaided  sense  of  touch  for  judging  of  so  minute 
a  distance  ;  the  pressure  of  the  measunng-plane  against  the  end  of 
the  obJHi-t  under  measurement  is  regulated  by  its  sufficiency  to 
support  the  weight  of  a  small  metal  disk,  interposed  between  the 
object  and  the  plane ;  it  is  found  that  this  disk  (or  gravity-piece) 
will  fall  between  them  when  their  distance  has  a  certain  amount, 
and  will  be  supported  when  that  distance  is  diminished  by  a  mil- 
lionth of  an  inch. 

It  is  plain,  from  the  above  description,  that  the  construction  of 
these  machines  depends  upon  an  extreme  accuracy  in  the  woi*k- 
manship  ;  the  method  would  manifestly  fail  unless  the  measuring 
planes  were  truly  plane  and  accurately  at  right  angles  to  the  axes  of 
the  sliding  bars.  To  8ir  Joseph  VVhitworth  belongs  the  honour  of 
devising  the  means  of  obtaining  the  needful  extreme  accuracy  of 
workmanship,  as  well  as  the  modes  of  applying  it  to  the  construction 
of  these  measuring-machines.  If  two  pieces  of  m(;tal  are  machine- 
planed,  and  one  of  them  is  smeared  with  a  film  of  red  ochre  and 
oil,  on  placing  it  carefully  on  the  other,  the  bearing-points  become 
apparent,  and  can  be  reduced  by  scraping,  until  a  contact  can  be 
attained  which  is  sensibly  at  all  points  of  the  surface ;  this  process 
of  scraping,  as  distinguished  from  polishing,  admits  of  being  per- 
formed with  extreme  exactness.  jNow,  if  three  pieces  (A,  B,  and 
C)  are  taken,  and  the  process  of  scraping  performed  on  them  till 
A  coincides  with  B,  B  with  C,  and  C  with  A,  the  surfaces  of  all 
three  must  be  planes  ;  and  when  the  operation  has  been  performed 
with  all  the  exactness  of  which  it  is  capable,  they  are  said  to  be 
true  planes.  Strictly  speaking,  each  of  the  pieces  has  an  indefinitely 
great  number  of  evenly  distributed  bearing-points,  which  lie  on  a 
surface  differing  from  a  true  plane,  by  an  amount  insensible  to  any 
test  that  has  hitherto  been  applied. 

These  "  true  planes  "  once  formed,  there  is  comparatively  little 
difficulty  in  forming  others ;  and  numerous  applications  can  be 
made  of  them,  e.  g.  the  formation  of  the  sliding  bars  and  V-shaped 
grooves  in  the  measuring-machine.  Take  three  nearly  rectangular 
bars  (a,  h,  c) ;  two  of  the  opposite  faces  of  each  can  be  scraped  until 
they  coincide  accurately  in  all  positions  with  one  true  plane  on  which 
they  rest,  and  a  second  true  plane  placed  on  them.  Each  bar  now 
has  two  parallel  faces,  and  in  all  three  the  distances  of  these  faces  is 
the  same.  This  being  done,  let  a  third  face  of  each  (viz.  x  of  a,  y  of  6, 
and  2 of  c)  be  wrought  till  they  stand  the  following  test: — The  bars 
resting  on  one  of  their  parallel  faces  on  a  true  plane,  x  can  be  brought 
into  perfect  contact  with  z  and  likewise  withy;  b  is  now  turned  over 
Phil.  Mag.  S.  5.  Vol.  4.  No.  21.  Sept.  1H77.  Q 
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so  as  to  staud  upon  its  parallel  face,  and  in  this  position  y  can  be 
brought  into  perfect  contact  with  z.  It  is  plain  that  when  this  is 
done,  X  is  at  right  angles  to  the  parallel  faces  of  a,  y  to  those  of  6, 
and  z  to  those  of  c.  There  will  now  be  little  difficulty  in  working 
the  foui'th  face  of  each  bar.  These  bars  can  now  be  used  for 
bringing  into  exact  shape  a  rectangular  V  groove  cut  in  a  block  of 
metal ;  and  when  this  has  been  done  the  measuring-plane  at  the 
end  of  the  bar  can  be  dealt  with.  Thus,  the  bar  is  placed  vnt\i  one 
edge  (h)  in  the  groove,  and  examined  by  a  true  plane ;  it  is  then 
turned  through  180°  so  that  the  edge  opposite  to  Ic  is  now  in  the 
angle  of  the  groove ;  both  the  face  of  the  bloc-k  and  the  end  of  the 
bar  are  now  formed  until  the  contact  of  both  with  a  "  true  plane  " 
is  perfect  in  both  positions.  A  similar  process  is  then  performed 
when  the  bar  has  its  remaining  edges  successively  in  the  groove. 
When  perfect  contact  in  all  these  positions  has  been  attained,  the 
end  of  the  bar  is  at  right  angles  to  its  axis. 

It  is  obvious  that  these  tests  depend  on  simple  geometrical  facts, 
which  would  yield  perfect  results  if  they  could  be  perfectly  applied; 
they  are  in  fact  applied  with  a  degree  of  accuracy  that  comes  indefi- 
nitely near  to  perfection. 

We  have  dwelt  so  long  on  the  machines  and  the  principles  in- 
volved in  the  construction  of  their  parts,  that  we  have  little  room 
to  speak  of  the  rest  of  the  volume.  This  is  the  less  to  be  regretted, 
as  a  good  deal  of  it  is  controversial :  e.  g.  the  object  of  Chapter  2 
is  apparently  to  prove  that  the  Committee  on  standards  carried  out 
a  method  for  the  construction  of  primary  standards  inferior  to  Sir 
J.  Whitworth's.  We  must  not,  however,  conclude  our  notice 
without  just  mentioning  that  several  other  topics  are  introduced 
besides  thosa  ad\erted  to  above — such  as  the  adaptation  of  the 
measuring-instrument  to  the  bores  of  guns,  as  well  as  others  of  a 
more  general  character,  as  the  value  of  uniformity  of  system 
in  mechanical  work.  The  book,  which  will  be  seen  to  be  one  of 
great  interest,  is  written  very  clearly  and  accurately,  as  might  be 
anticipated  from  the  names  of  its  authors.  The  illustrations  seem 
to  have  been  executed  with  great  care,  and  are  very  good  ;  and,  in 
particular,  the  four  engravings  of  the  measuring-machine  are  ex- 
ceedingly beautiful  specimens  of  mechanical  draughtsmanship. 
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March  1 5, 1877. — Dr.  J.  Dalton  Hooker,C.B.,  President,  in  the  Chair. 

T^'^HE  following  paper  was  read : — 

-^      "  Description  of  the  Process  of  verifying  Thermometers  at 

the  Kew  Observatory."     By  Francis  Galton,  F.R.S. 

It  may  be  of  interest  to  descinbe  the  method  recently  adopted 
at  the  Kew  Observatory  of  verifying  thermometers  by  comparison 
at  different  temperatures  A\'ith  a  standard  instrument,  since  a  large 
proportion  of  the  various  thermometrical  determinations  made  by 
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English  physicists  are  dependent  for  their  accuracy  upon  that 
of  the  verifications  at  Kew.  Many  thousands  of  thermometers 
have  already  been  verified  by  the  apparatus  about  to  be  described. 

Up  to  the  year  1875  the  apparatus  for  this  purpose  at  the 
Kew  Observatory  was  of  the  rudest  character. 

It  was  simply  a  glass  jar  9^  inches  wide  and  18  inches  deep, 
filled  with  hot  water  and  standing  on  a  turntable,  in  which  a  brass 
frame  was  placed. 

The  thermometers  were  attached  to  this  framework,  and  the 
observer  having  well  agitated  the  water  with  a  plunger,  read  the 
instruments  in  succession  through  the  glass   as  he  turned  the  jar 
round   before  him,  reading  each  thermometer  as  it  passed.     He 
first  turned  it  round  from  right  to  left,  and  then  back  again  from 
left  to  right.     Each  thermometer  was  thus  read  twice,  and  the 
mean  of  the  pair  of  readings  was  taken.     It  is  obvious  that  if  the 
rate  of  cooling  of  the  water  be  uniform,  and  if  the  thermometers 
are  observed  at  precisely  equal  iutervals,  the  mean  of  every  pair  of 
observations  would  be  strictly  referable  to  the  temperature  of  the 
water  at  the  same  moment  of  time,  namely  to  that  which  is  half- 
way between  the  beginning  and  end  of  the  entire  set.     It  is  need- 
less to  point  out  that  these  conditions  can  never  be  strictly  ful- 
filled, although,  notwithstanding  tlie  imperfection  of  the  process  and 
the    coarseness   of    the  apparatus,   the    observers  acquired   much 
certainty  and  skill  in  its  manipulation.     Still  the  time  occupied  was 
unnecessarily  great,  and  the  chance  of  error,  owing  to  variations 
in  the  rate  of  cooling  of  the  water,  was  larger  than  it  need  be. 
Partly  owing  to  this  latter  reason,  and  partly  to  the  fact  that  the 
number  of  thermometers  sent  to  be  tested  has  considerably  in- 
creased (being  now  not  less  than  3000  annually),  I  thought  it 
advisable  to  design  and  propose  to  my  colleagues  of  the  Kew  Com- 
mittee the  construction  of  an  instrument  of  a  much  more  sub- 
stantial and  adequate  character;  and  to  this  the  Committee  assented. 
I  was  subsequently  indebted  for  many  suggestions  to  Mr.  De  La 
Eue,  and  also  to  Mr.  E.  Munro,  of  24  Clerkenwell  Green,  London, 
by  whom  it  was  finally  made.     It  has  now  been  at  \\oi*k  for  two 
years,  and  its  performance  is   quite  satisfactory ;   experience  has 
in  the  mean  time  suggested  a  few  emendations  and  simplifications, 
and  I  will  therefore  describe  the  instrument  as  at  present  in  use. 
The  apparatus  (see  figs.   1   &  2)   consists  essentially  of  four 
parts : — 

(1)  A  water-vessel. 

(2)  An  agitator,  worked  by  a  handle  on  the  outside. 

(3)  An  external  heating  arrangement. 

(4)  A  frame  on  which  to  hang  the  thermometers,  turned 
by  a  handle  on  the  outside. 

(1)  The  Water-vessel. 

This  is  a  cylinder  of  stout  copper,  2  ft.  2  in.  high  and  1  ft.  in 

diameter.     In  its  base  there  is  a  central  aperture  through  which 

the  concentric  vertical  axes  are  passed,  which  respectively  carry 

the  agitator  and  the  thermometer  frame ;  the  top  of  the  cylinder 
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is  entirely  open ;  a  vertical  slit,  1  ft.  10  in.  long  and  4|  in.  wide, 
is  cut  in  the  side  of  the  cylinder  and  the  slit  is  glazed  with  a 
stout  sheet  of  plate-glass,  the  joints  being  made  water-  and  steam- 
tight  by  means  of  india-rubber  packing. 

The  cylinder  is  placed  inside  a  wooden  box,  taller  than  itself,  and 
1  ft.  5  in.  square  at  its  base,  the  space  between  it  and  the  sides 
of  the  box  being  filled  with  sawdust,  whilst  the  exterior  of  the 
box  is  completely  covered  with  kamptulicon,  in  order  to  retain 
the  heat  of  the  water  in  the  enclosed  vessel  as  much  as  possible. 
An  aperture  somewhat  larger  than  that  in  the  cylinder  is  cut  in 
the  side  of  the  box  in  front  of  it,  and  is  also  glazed  with  plate-glass. 

A  lid,  containing  3  inches  of  sawdust,  covered  with  a  sheet  of 
kamptulicon,  can  be  shut  tightly  down  on  the  top  of  the  cylinder 
and  box,  the  escape  of  the  vapour  given  off  during  heating  being 
provided  for  by  means  of  a  steam-pipe. 

Pipes  lead  from  the  top  and  bottom  of  the  water-vessel  to  an 
exterior  pipe  ending  in  a  funnel  above  and  a  cock  below,  so  that 
water  may  be  poured  in  or  drawn  off  from  the  vessel  as  desired. 

The  whole  is  firmly  fixed  to  a  stout  wooden  stand  about  2  ft.  high. 

(2)  The  Agitator  (see  fig.  2). 

A  stout  and  hollow  brass  axis,  2|  in.  in  diameter,  passes  vertic- 
ally up  through  the  centre  of  the  base  of  the  water-vessel,  carrying 
three  sets  of  helical  vanes,  one  above  the  other,  arranged  so  that 
the  upper  and  lower  vanes  form  segments  of  right-handed  screws, 
whilst  the  intermediate  vanes  are  left-handed.  The  inclination  of 
every  vane  is  adjustable. 

The  lower  end  of  the  axis  passes  through  a  stuffing-box  in  the 
bottom  of  the  cylinder,  and  is  connected  by  gearing  to  a  crank- 
handle  projecting  outside  the  apparatus.  It  can  be  turned  easily 
by  the  hand  of  the  observer,  who  thereby  is  able  to  agitate  the 
water  throughout  the  whole  depth  of  the  vessel. 

(3)  The  Heating-Apparatus  (see  fig.  1). 

This  is  a  copper  tube  0'6  in.  in  diameter,  which,  issuing  from 
the  back  of  the  water-vessel  near  the  bottom,  is  carried  through 
the  wooden  casing  of  the  instrument,  and  is  then  coiled  into  a 
vertical  spiral  of  six  turns,  gradually  diminishing  in  diameter. 
The  end  of  the  tube  is  afterwards  brought  back  into  the  water- 
vessel. 

A  cluster  of  Bunsen  burners  being  placed  beneath  the  coil  serves 
to  heat  it  and  to  make  the  water  circulate  inside  the  cylinder,  thus 
warming  the  whole  of  its  contents. 

Experiment  shows  that,  with  the  small  coil  used,  10  gallons  of 
cold  water  can  be  boiled  in  about  six  hours  from  the  time  of  light- 
ing the  gas ;  in  practice,  however,  when  it  is  required  to  test  ther- 
mometers near  the  boiling-point  only  (mountain  thermometers,  for 
example)  the  apparatus  is  filled  with  boiling  water  out  of  kettles 
put  on  an  ordinary  fire. 

A  cone  of  sheet-copper  is  usually  placed  round  the  coil  as  a 
jacket,  in  order  to  retain  the  heat  from  the  gas-burners  as  much  as 
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possible ;  this  is  shown  by  dotted  lines  in  the  drawing.  A  cock 
at  the  lowei'  end  of  the  coil  permits  of  the  stoppage  of  the  circula- 
tion of  the  water  through  the  pipe. 

(4)  The  Thermometer  Frame. 

The  thermometers  to  be  compared  are  hung  side  by  side  round 
the  circumference  of  two  brass  rings,  10\  in.  in  diameter,  that  are 
attached  to  the  side  rods  of  a  cylindrical  frame.  The  thermome- 
ters are  held  in  their  places  against  the  ring  by  spring  clips,  one 
of  which  is  shown  full  size  in  fig.  4,  and  one  of  the  rings  is  shown  in 
fig.  3 ;  the  latter  slide  up  and  down  the  brass  rods  that  form  the 
sides  of  the  cylindrical  framework,  and  are  clamped  at  such  a 
distance  apart  as  may  best  suit  the  thermometer  under  examina- 
tion. 

Forty  thermometers  can  be  suspended  at  a  time.  The  bottom 
of  the  frame  is  provided  with  six  rollers — three  placed  radially,  for 
the  purpose  of  guiding  it  up  and  down  the  interior  of  the  water- 
vessel  ;  and  three  tangentially  and  projecting  below  the  base,  in 
order  to  support  the  frame  whilst  putting  on  or  taking  off  the 
thermometers.  This  operation  is  performed  when  the  frame  is 
standing  on  the  closed  Hd  of  the  box,  a  circular  brass  ring  being 
screwed  to  the  lid  to  prevent  the  frame  running  off  when  being 
turned  round  by  the  operator. 

The  top  of  the  frame  consists  of  spokes  radiating  from  a 
hollow  socket  that  drops  over  the  end  of  an  upright  steel  rod, 
which,  passing  through  the  axis  of  the  agitator,  projects  above  it 
(see  fig.  2).  A  plug  is  then  screwed  into  the  top  of  this  rod  and 
clamps  the  frame,  which  is  supported  by  it ;  the  frame,  with  the 
thermometers,  can  then  be  rotated  in  the  \^ater  by  turning  this  rod. 
This  turning  is  effected  from  the  outside  through  a  wheel  fixed  to 
its  projecting  lower  extremity,  into  which  aji  endless  screw, 
driven  by  a  crank  in  front  of  the  apparatus,  is  geared.  The 
observer,  facing  the  glazed  slit,  can  bring  the  thermometers  hung 
round  the  frame  before  him  one  by  one  as  quickly  as  he  likes. 

Por  the  convenience  of  moving  the  thermometer  frame  into  and 
out  of  the  water-vessel,  a  cord  is  carried  over  the  apparatus  round 
pulleys,  as  seen  in  fig.  1,  so  that  the  attendant  can  hook  its  end 
to  the  ring  at  the  top  of  the  frame,  and  twist  or  lower  it  Avith  the 
grestest  facility. 

The  general  character  of  the  process  of  comparison  is  to  turn 
down  the  gas  and  to  close  circulation  in  the  pipe  by  turning  the 
stopcock ;  the  ^  ater  is  then  agitated,  and  is  afterwards  left  at 
rest  until  the  set  is  finished.  The  thermometer  frame  is  turned 
once  round  forwards  and  once  backwards  in  each  process  of  com- 
parison, each  instrument  being  read  off"  twice,  the  mean  of  the  two 
being  the  result  aimed  at. 

Mr.  Whipple,  the  Superintendent  of  the  Observatory,  has  made 
at  my  request  a  large  number  of  experiments  on  the  variations  of 
temperature  under  different  conditions,  and  on  other  matters  rela- 
ting to  the  working  of  the  apparatus.  It  will  be  sufficient  if  I  give 
a  few  summarv  tables  of  the  results. 
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The  mean  variation  of  temperature  during  a  double  process  of 
comparing  each  of  twenty  sets  of  thermometers,  each  set  averaging 
nineteen  instruments,  and  each  instrument  being  read  four  times, 
was  as  follows  : — 


Temperature  at  which  the  "1 
comparison  was  made.  | 

50° 

70° 

80° 

90° 

100° 

110° 

Mean    variation    during  "1 
each  set J 

+0-06 

±007 

+o-or> 

±0-07 

±009 

±0-15 

The  extreme  variation  of  0°*30  occurred  in  one  case,  and  that  of 
0°-25  in  three  cases. 

It  takes  about  four  minutes  to  read  a  complete  set  of  ordinary 
thermometers. 

The  rate  of  heatiug  by  gas,  and  of  cooling  after  the  gas  has 
been  wholly  turned  off,  is  of  course  much  affected  by  the 
temperatui'e  of  the  air  of  the  room ;  it  may  be  roughly  taken  as 
follows  : — 


When  the  water  in  the  vessel  is  about  ... 

45° 

100° 

150° 

200° 

Rise  of  temperature  in  r»  minutes  when  "1 

2°-80 

2°-26 

1°'J5 

1°--15 

Fall  of  temperature  in  T)  minutes  when  "1 
the  gas  is  t\irnod  wholly  off' J 

0°-2o 

0°-60 

l°-00 

The  rate  of  cooling  is  much  reduced  \^•hen  the  process  consist^ 
in  first  raising  the  water  to  the  highest  required  temperature,  and 
then  cooling  it  by  successive  additions  of  cold  water.  The  heat 
of  the  stuffing  that  surrounds  the  vessel  being  thus  much  higher 
than  the  water  it  contains,  keeps  it  at  aji  equable  temperature. 

The  temperature  of  the  water  in  the  vessel,  after  agitating 
it  and  allowing  it  to  settle,  differs  somewhat  at  different  levels  ; 
this  is  due  to  the  impossibility  of  securing  perfect  intermixture 
and  to  the  variations  of  the  temperature  of  the  stuffing  in  respect 
to  that  of  the  water.  The  greatest  differences  observed  between 
a  thermometer  whose  bulb  was  immersed  2  inches  below  the 
level  of  the  water  and  one  that  was  immersed  19  inches  was  0°-68. 
March  22.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read  : — 

"  On  stratified  Discharges. — IV.  Stratified  and  Unstratified 
Forms  of  the  Jar-Discharge."  By  William  Spottiswoode,  M.A., 
Treas.  R.S. 

It  is  well  know  that  if  a  Leyden  jar  be  discharged  through  a 
vacuum-tube,  the  discharge  generally  takes  the  form  of  an  unbroken- 
column  of  light,  extending  from  the  point  of  the  positive  terminal 
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to  the  hilt  of  the  negative,  i.  e.  to  the  extreme  negative  end  of  the 
tube,  and  that  it  shows  no  trace  of  either  negative  glow  or  inter- 
vening dark  space.  On  the  other  hand  I  have  found,  by  experi- 
ments with  a  large  Leyden  battery,  that  if  a  tube  have  one  terminal 
connected  with  the  negatively  charged  coating  of  the  battery  and 
the  other  held  beyond  striking-distance  from  the  positively  charged 
coating,  the  discharge  in  the  tube  will  show  a  separation  of  the 
positive  from  the  negative  part  by  a  dark  intervening  space.  Under 
suitable  circumstances  of  exhaustion  it  will  also  show  striae,  in  the 
same  manner  as  when  the  discharge  is  effected  directly  ^^th  a  Holtz 
machine,  having  the  conductors  either  closed  or  open  beyond 
striking-distance  (see  Eoy.  Soc.  Proceedings,  vol.  xxiii.  p.  460). 
Again,  I  have  found,  with  the  same  battery,  that  if  the  tube  be 
connected  otherwise  as  before,  and  held  at  a  distance  less  than  at 
first,  but  a  little  greater  than  striking-distance,  a  stratified  discharge 
much  more  brilliant  and  more  like  that  produced  by  a  coil  will  be 
exhibited.  It  should  be  remarked  that  the  latter  form  of  discharge 
appears  to  the  unassisted  eye,  in  the  cases  which  1  have  examined, 
as  an  unbroken  column  of  liglit,  but  with  a  negative  glow  and  dark 
space.  A  revolving  mirror,  however,  resolves  the  column  into  a 
regular  array  of  striae,  having  a  rapid  proper  motion  towards  the 
positive  terminal. 

The  transition  from  the  first  to  the  second  of  these  forms,  and 
from  the  second  to  the  jar-discharge  proper  when  the  tube  was 
brought  within  striking-distance,  was,  if  not  absolutely  abrupt,  at 
all  events  so  rapid  that  this  form  of  experiment  gave  no  prospect 
of  following  one  form  into  the  other.  With  a  view  to  examining 
the  transition  as  closely  as  possible  a  Holtz  machine  was  employed, 
and  the  jars  having  been  taken  off,  a  pair  of  mica  plates  partially 
covered  with  tinfoil  was  used  in  their  stead.  By  sliding  one  plate 
over  the  other,  so  that  more  or  less  of  the  covered  parts  were 
brought  face  to  face,  a  jar  was  formed  the  size  of  which  could 
be  varied  at  pleasure.  An  air-spark  of  adjustable  length  was  also 
introduced  into  the  circuit  between  the  machine  and  the  tube. 

This  arrangement  was  subsequently  replaced  by  the  following, 
which  in  some  respects  proved  more  convenient : — A  battery  of 
one  or  more  jars  was  i;sed  in  the  place  of  the  mica  plates.  The 
outside  of  this  battery  and  one  terminal  of  the  tube  were  connected 
with  the  earth  ;  and  the  inside  and  the  other  terminal  were  al- 
ternately connected  with  the  positive  conductor  of  the  machine, 
so  that  the  battery  was  alternately  charged  and  discharged  through 
the  tube.  The  amount  of  charge  was  regulated  partly  by  the  dis- 
tance through  which  the  conductors  of  the  machine  were  separated, 
and  partly  by  the  number  of  revolutions  of  the  machine  during 
which  the  charging  took  place.  It  was  consequently  independent 
of  the  absolute  time  of  contact.  It  will  be  observed  that  this  ar- 
rangement did  not  give  the  same  opportunity  of  a  continuous  varia- 
tion of  jar  surface  as  the  first ;  but,  on  the  other  hand,  the  changes 
of  phase  in  the  phenomenon  due  to  increments  of  charge  were 
capable  of  indefinite  diminution  by  shortening  the  distance  between 
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the  conductors  of  the  machine  and  by  increasing  the  number  ot' 
the  jars. 

The  first  object  proposed  was  to  ascertain  whether  a  jar  could 
be  charged  with  so  small  a  quantity  of  electricity  as  of  itself 
to  give  a  stratified  discharge  in  a  tube ;  in  other  words,  whether 
the  resistance  of  the  tube  itself,  if  resistance  it  be,  could  by  a 
suitable  charge  of  jar  be  made  to  insure  a  stratified  discharge. 
For  this  purpose  a  jar  was  charged  with  small  sparks  from  the 
machine,  and  discharged  after  receiving  charges  of  1,  2,  3,  &e. 
sparks  in  succession.  The  experiment  proved  successful  with  a 
coal-gas  tube  at  a  pressure  of  about  4  millims. :  charges  of  three 
sparks  gave  bright  flake-like  stratifications  ;  higher  charges  gave  a 
discharge  with  a  positive  column,  a  negative  glow,  and  a  dark  space, 
although  the  striae  were  not  always  discernible.  But  when  the 
charge  exceeded  5  or  6  sparks,  the  positive  column  advanced  so 
far  as  to  obliterate  the  dark  space,  and  ultimately  made  its  way  to 
the  hilt  of  the  terminal. 

Similar  experiments  were  made  with  both  forms  of  instru- 
mental arrangement,  and  with  tubes  containing  different  gases  and 
at  different  pressures. 

A  number  of  tubes  tried  with  various  amounts  of  battery-charge, 
but  with  the  same  surface,  showed  that,  as  the  charge  was  increased, 
the  head  of  the  positive  column  advanced  towards  the  negative  ter- 
minal, the  dark  space  became  narrower,  and  the  glow  contracted 
in  dimensions ;  and  when  the  head  of  the  column  drew  very  near 
to  the  negative  terminal,  the  glow,  instead  of  covering  the  whole 
surface  of  the  terminal,  formed  a  small  drop  at  the  point.  On 
still  further  increasing  the  charge,  the  drop  withdrew  to  the  hilt 
of  the  terminal ;  and  finally,  when  it  had  completely  retreated  into 
the  hilt,  the  continuous  or  true  jar-discharge  took  place. 

With  a  view  to  testing  experimentally  how  far  the  effects  here 
described  were  due  to  quantity  and  how  far  to  tension,  the  size  of 
the  jar  was  altered,  all  other  circumstances  remaining  the  same. 
It  was  then  found  not  only,  as  before,  that  small  charges  gave 
stratified  and  large  unstratified  discharges,  but  also  that  the 
maximum  charge  compatible  with  stratification  was  greater  with  a 
large  than  with  a  small  jar. 

As  a  further  experiment  in  this  direction,  a  series  of  jars  were 
arranged  in  cascade  ;  and  it  was  found  that  the  greater  the  num- 
ber of  jars  so  arranged,  the  smaller  the  charge  necessary  to  insure 
a  true  jar-discharge.  A  charge  insufficient  to  destroy  stratification 
with  one  jar  was  sufficient  to  destroy  them  when  more  than  one 
was  used  in  cascade.  These  results  point  to  tension  rather  than 
to  quantity  as  the  determining  cause  of  the  character  of  the  dis- 
charge. 

In  fact,  having  taken  a  number  of  jars  of  the  same  size,  and 
having  ascertained  the  maximum  charge  with  which  one  jar  could 
be  charged  without  obliterating  stratification,  say,  "  the  critical 
charge,"  I  found  that  the  ci'itical  charge  for  2,  3,  .  .  .  jars  arrauo-ed 
for  quantity  was  2,  3,  .  .  .  times  that  for  a  siugle  jar  ;  and,  on 
the  other  hand,  that  the  critical  charge  for  2,  3  .  .  .  jars  arranged 
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in  series  was  1  : 2,  1 :  3,  .  .  .  of  that  for  a  single  jar.  The  illu- 
mination, however,  was  always  greater  with  the  larger  charges,  i.  e 
with  the  greater  quantity  of  electricity  discharged. 

The  experiments  above  described  were  made  first  with  tubes  in 
which  the  pressure  was  moderately  high.  They  were  afterwards 
repeated  with  lower  pressures,  and  results  of  the  same  character  as 
before  were  obtained.  But,  owing  to  the  smaller  amount  of  the 
critical  charges,  to  the  greater  extension  of  the  negative  glow,  and 
to  the  consequently  increased  delicacy  of  the  phenomena,  the  same 
numerical  precision  was  not  attained.  But  there  seems  no  reason 
to  doubt  that  the  discrepancies  might  be  indefinitely  diminished  by 
instrumental  refinements. 

The  duration  of  the  stratified  discharges  observed  throughout 
these  experiments  was  exceediugly  short,  indistinguishable,  in  fact, 
from  that  of  the  true  jar-discharge.  AVhen  viewed  in  a  revolving 
mirror,  either  with  or  without  a  slit,  they  showed  no  sign  whatever  of 
prolonged  duratioii ;  and  we  may  thence  conclude  that,  so  far  as  our 
present  instrumental  arrangements  extend,  there  is  no  inferior  limit 
to  the  duration  of  discharge  necessary  for  the  production  of  stride. 

In  connexion  with  this  part  of  the  subject  another  form  of  ex- 
periment was  arranged.  Beside  the  jars  hitherto  described  another 
was  used,  having  its  inner  surface  connected  with  one  terminal  of 
the  tube,  and  its  outer  with  the  other.  When  this  disposition  was 
made,  the  additional  jar  acted  as  a  buffer,  and  produced  a  stratified 
discharge  under  circumstances  which  would  without  it  have  pro- 
duced a  true  jar-discharge. 

A  comparison  of  the  results  here  obtained  with  those  detailed  in 
Part  II.  of  these  researches  shows  that  the  phenomena  produced 
by  suitable  disposition  of  the  Leyden  battery  coiiicide  with  those 
produced  by  the  induction-coil.  With  the  coil  it  was  found  that 
(1)  for  a  given  electromotive  force  the  column  of  sti'ige  was  shorter 
the  larger  the  battery-surface  or  strength  of  current  used  ;  (2)  that 
the  proper  motion,  when  directed,  as  usual,  towards  the  positive 
terminal,  was  more  rapid  the  greater  the  electromotive  force 
employed.  With  the  Leyden  battery  (1)  it  was  found  that,  in 
order  to  maintain  the  same  lengfh  of  columu  with  an  increased 
surface,  the  charge  must  be  increased  in  a  larger  proportion  than 
the  surface  ;  and  (2)  it  was  noticed  that  the  striae,  which  when  the 
tension  was  low  were  distinct  and  well  separated,  became  more 
blurred  as  the  tension  rose,  vuif  il  they  sometimes  \^  ere  blended  into 
an  apparently  unbroken  column  of  light.  The  presence,  however, 
of  the  negative  glow  still  showed  that  the  true  jar-discharge  had  not 
yet  been  reached. 

GEOLOGICAL  SOCIETY. 

June  20th,  1877.— Prof.  P.  Martin  Duncan,  M.B,,  F.ll.S.,  President, 

in  the  Chair. 
[Continued  from  p.  153.] 
5.  "  On  Points  of  Similarity  between  Zeolitic  and  Siliceous  Incrus- 
tations of  iccent  formation  by  Thermal  Springs  and  those  observed 
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in  Amygdaloid  and  other  altered  Volcanic  Kecks."     By  Prof.  A. 
Daubree,  F.M.G.S. 

The  author  described  the  formation  of  zeolitic  minerals  by  the 
infiltration  of  masonry  by  the  waters  of  thermal  springs  at  Plom- 
bieres  (Vosges),  Luxeuil  (Haute-Saone),  Bourbonne  (Haute-Marne), 
and  near  Oran  in  Algeria.  In  breaking  through  the  wall  of  concrete, 
composed  of  fragments  of  stone  and  brick  built  by  the  Romans 
round  the  mouths  of  these  springs,  it  has  been  found  that  the 
materials  employed  have  undergone  a  great  change  by  the  long- 
continued  action  of  the  water.  The  cavities  in  the  bricks  are  occu- 
pied by  minerals,  generally  zeolitic,  among  the  most  abundant  of 
which  is  chabasitc,  agreeing  in  all  respects  with  the  natural  mineral. 
Phillipsite  or  lime  harmotome  also  occurs,  associated  with  the  pre- 
ceding, just  as  in  the  amygdaloidal  trap  of  Iceland.  In  hollows  of 
the  calcareous  cement  small  crystals  of  apophyllite  occur,  with  pul- 
verulent and  minutely  crystalline  fluor  s])ar,  together  with  other 
minerals  not  identified,  but  resembling  in  character  gismondine  and 
scolezite.  At  Plombieres  hyalite  occurs  with  the  zeolites ;  and  where 
the  masonry  is  exposed  to  the  full  flow  of  the  water  there  is  a 
transparent  gelatinous  deposit  which  becomes  white  and  opaque 
when  dry,  and  is  a  hydrated  silicate  of  lime  analogous  to  okenite. 
Arragonite  occurs  generally  in  acicular  crystals,  but  sometimes  of 
the  form  called  apotome  by  Haiiy,  found  in  iron-ore  deposits  and  in 
some  basalts.  Calcite  is  frequently  associated  with  the  chabasite, 
as  in  Icelandic  lavas.     Halloysite  is  also  met  with  at  Plombieres. 

Besides  the  formation  of  geodes  in  the  visible  cavities,  the  whole 
substance  of  the  bricks  was  found  to  be  altered  by  contact  with  the 
water.  This  change  rendered  the  originally  friable  brick  very  hard 
and  compact ;  and  microscopic  examination  showed  that  its  minute 
pores  were  filled  with  colourless  and  transparent  mineral  substances. 
The  author  gave  the  following  list  of  the  minerals  thus  found — 
chabasite,  Christianite (?),  mcsotype,  hyalite (?),  tridymite,  chalce- 
dony in  radiate  spherules,  calcite,  and  some  globular  bodies  of  un- 
certain nature.  The  association  of  chalcedonic  quartz  with  opal  is 
interesting,  as  proving  that  silica  may  be  deposited  in  the  anhydrous 
form  when  the  temperature  of  the  surrounding  medium  does  not  ex- 
ceed 70°  C.  Analysis  showed  that  the  amount  of  zeolitic  sub- 
stance added  to  the  bricks  is  from  13  to  14  per  cent,  of  the  total 
weight. 

This  contemporary  production  of  zeolites  and  other  minerals 
identical  with  those  found  in  amygdaloidal  and  many  other  altered 
volcanic  rocks  is  regarded  by  the  author  as  an  experimental  demon- 
stration of  the  mode  of  formation  of  the  latter,  which  are  no  doubt 
produced  in  a  similar  manner  by  the  percolation  of  water  through 
the  substance  of  tlie  rocks,  conveying  to,  and  depositing  in,  their 
cavities  mineral  substances  dissolved  during  its  passage.  Zeolitic 
minerals,  as  he  says,  may  therefore  be  considered  a  kind  of  "  ex- 
tract"  of  the  rocks  so  subjeeted  to  continued  lixiviation.  And 
the  process  being  effected  independently  of  any  peculiar  conditions 
of  heat  and  pressure,  would  seem  to  show  that  no  such  conditions 
arc  essential  in  the  production  of  natural  zeolites. 
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6.  "  On  the  Cretaceous  Dentaliadae."  By  J.  S.  Gardner,  Esq.,  F.G.S. 

7.  "On  a  number  of  new  Sections  around  the  Estuary  of  the 
Dee  which  exhibit  Phenomena  having  an  important  bearing  on  the 
Origin  of  Boulder-clay  and  the  Sequence  of  Glacial  Events."  By 
D.  Mackintosh,  Esq.,  E.G.S. 

In  this  paper  the  author  minutely  stated  the  results  of  repeated 
examinations  of  a  number  of  new  sections  of  drift-deposits,  with  a 
particular  reference  to  the  character  of  their  bases  and  lines  of 
junction  between  them.  He  described  in  detail  the  patterns 
exhibited  by  the  grooved  erratic  stones  of  the  shelly  clays  compared 
with  irregularly  scratched  stones  of  the  Lake -district.  He  then 
gave  a  particular  account  of  the  character  of  the  two  shelly  clays, 
and  assigned  reasons  for  believing  in  their  threefold  origin — the 
local  grit  and  broken  shells  accumulated  by  the  sea,  which  at  the 
time  was  fully  charged  with  subglacial  clay,  and  the  erratic  stones 
carried  and  dropped  by  floating  coast-ice.  He  described  pheno- 
mena proving  that  boulders  must  have  fallen  into  the  clay,  and 
called  attention  to  the  varying  directions  of  striae  on  rock-surfaces 
(including  some  he  had  lately  discovered),  and  their  relations  to  the 
courses  and  cross-courses  taken  by  erratic  stones,  some  of  which 
had  travelled  200  miles.  He  then  connected  the  special  observa- 
tions he  had  lately  made  with  the  results  of  many  years'  investiga- 
tions extending  around  the  basin  of  the  Irish  Sea,  from  Carlisle  to 
Crewe,  and  from  Crewe  to  Anglesey,  and  traced  the  horizontal  and 
vertical  extent  of  the  three  shelly  drifrs,  and  their  relation  to  the 
mountain  drifts  of  North  Wales  and  the  Lake-district.  He  stated 
many  reasons  for  rejecting  the  idea  that  land-ice  had  distributed 
either  of  the  two  Boulder-clays  he  had  described,  but  left  it  an  open 
question  whether  the  blue  clay  of  North  Wales,  the  Lake-district, 
the  Yorkshire  valleys,  and  parts  of  Lancashire,  with  its  local 
stones,  may  not  have  been  accumulated  under  land-ice.  He  con- 
cluded by  stating  that  the  paper  was  intended  to  be  introductory  to 
one  on  the  correlation  of  the  drifts  of  the  north-west  with  those  of 
the  eastern  and  central  parts  of  England. 

8.  "  Discovery  of  Silurian  Beds  in  Teesdale."  By  W.  Gunn, 
Esq.,  F.G.S.,  and  C.  T.  Clough,  Esq.,  B.A.,  F.G.S.,  of  H.M.  Geolo- 
gical Survey. 

The  authors  described  the  general  physical  characters  of  Teesdale, 
referring  especially  to  the  position  of  the  Burstreeford  Dyke,  the 
whin,  according  to  them,  occupying  a  very  different  horizon  at 
Forcegarth  Hill  and  Cronkley  Fell,  so  that  the  displacement  indi- 
cated by  it  is  probably  400  feet  greater  than  has  been  supposed. 
This  disturbance  has  brought  up  the  beds  which  lie  at  the  base  of 
the  Carboniferous  series  in  the  dale ;  and  these  are  exposed  in  the 
banks  of  the  Tees  at  the  old  Pencil  Mill  at  Cronkley,  where  they 
were  formerly  worked  up  into  slate  pencils.  They  are  soft  shales, 
usually  grey  or  greenish  grey,  sometimes  yellowish  green  or  purplish 
red.  They  are  very  indistinctly  bedded,  but  show  traces  of  what 
may  be  cleavage  in  some  parts.  From  the  character  of  the  deposit, 
the  character  of  the  dykes  of  the  district,  and  the  fact  that  these 


On  the  Geology  of  British  Columbia.  237 

beds  are  not  altered  by  them,  the  character  of  the  veins  traversing 
them,  and  an  apparent  unconformity  between  these  beds  and  the 
undoubtedly  Carboniferous  beds  overlying  them,  the  authors  come 
to  the  conclusion  that  this  deposit  is  not  of  Carboniferous,  but  of 
Silurian  age ;  and  they  indicate  certain  theoretical  conclusions  which 
follow  from  this  determination. 

9.  "On  the  Superficial  Geology  of  British  Columbia."  By  George 
Mercer  Dawson,  Esq.,  F.G.S.,  Assoc.  R.S.M.,  of  the  Geological 
Survey  of  Canada. 

The  author  stated  that  the  rock-striation  and  fluting  on  the 
south-eastern  peninsula  of  Vancouver's  Island  shows  that  at  one 
time  a  great  glacier  swept  over  it  from  N.  to  S.,  filling  the  Strait 
of  Georgia,  50  miles  broad  in  places,  and  having  near  Victoria  a 
thickness  of  ice  of  over  600  feet.  Traces  of  this  glacier  also  occur 
on  San- Juan  Island,  and  on  the  coast  of  the  mainland.  The  de- 
posits immediately  overlying  the  glaciated  rocks,  besides  what  may 
be  moraine  profonde,  locally  developed,  are  sandy  clays  and  sands, 
arranged  in  water,  and  sometimes  containing  marine  shells.  The 
lower  beds,  at  least,  of  these,  were  probably  formed  at  the  foot  of  the 
retreating  glacier,  the  sea  standing  considerably  higher  than  at 
present.  The  northern  part  of  the  Strait  of  Georgia  and  the  fjords 
opening  into  it,  and  the  fjords  north  of  the  Strait,  show  ice-action 
to  a  height  of  above  3000  feet.  Terraces  on  the  coast  of  the  main  - 
land  are  rare,  and  never  at  great  elevations. 

The  interior  plateau  of  British  Columbia  shows  a  system  of 
glaciation  from  N.  to  S.,  traces  of  which  have  been  observed  above 
3000  feet.  Subsequent  glaciation  radiating  from  the  mountains 
also  occurs.  The  superficial  deposits  here  are  either  unmodified  or 
modified.  The  former,  representiug  the  boulder  clay,  occurs  at  nearly 
all  heights  up  to  over  5000  feet ;  the  latter  characterizes  nearly  all 
localities  below  3000  feet,  and  is  most  extensively  developed  in  the 
northern  low  country,  where  it  forms  a  white  silt  or  loess.  The 
interior  is  marked  with  shore-lines  and  terraces  up  to  5270  feet. 
Moraines  occur  in  great  numbers,  most  of  them  marking  stages  in 
the  retreat  of  glaciers  towards  the  mountains,  although  some  may 
have  been  formed  in  connexion  with  the  N.  and  S.  glaciation. 

The  sequence  of  events  in  the  interior,  according  to  the  author, 
seems  to  have  been  as  follows  : — glaciation  from  N.  to  S.,  with 
deposit  of  boulder  clay  ;  formation  of  terraces  by  lowering  of  water- 
surfaces,  accompanied  or  followed  by  a  warm  period ;  advance  of 
glaciers  from  the  mountains,  and  formation  of  lower  terraces  ;  and 
retreat  of  glaciers  to  their  present  limits.  The  glaciation  of  Van- 
couver's Island  may  have  occurred  during  both  cold  periods  or  during 
the  second  only. 

The  author  considers  the  assumption  of  the  production  of  the 
N.-to-S.  glaciation  by  an  ice-cap  to  be  attended  with  great  difficulties, 
and  seems  to  favour  the  notion  of  its  being  effected  by  the  accumu- 
lation of  ice  on  the  country  itself,  and  especially  on  the  mountains 
to  the  N.,  filling  the  central  plateau  in  going  southward,  and  passing 
seaward  through  the  gaps  and  fjords  of  the  coast-range. 
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XXXI.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ELECTRICAL  AND  CAPILLARY  PROPERTIES  OF  MERCURY 
IN  CONTACT  WITH  DIFFERENT  AQUEOUS  SOLUTIONS.  BY  M. 
LIPPMANN. 
"Y)ir^HE2^  mercury  is  in  contact  with  pure  or  acidulated  water,  one 
'  '  has  only  to  add  to  the  water  a  small  quantity  of  certain  sub- 
stances in  order  to  notably  change  two  of  the  physical  properties  of 
the  contact  surface — the  capillary  constant  or  superficial  tension,  on 
the  one  hand,  and,  on  the  other,  the  electromotive  force  (that  is  to 
say,  the  diffei'ence  of  the  electrical  potentials)  of  the  water  and  the 
mercuiy.  The  experiments  which  I  have  made  on  this  question, 
in  the  laboratory  of  M.  Jamin,  and  which  I  have  the  honour  of 
submitting  to  the  Academy,  have  conducted  me  to  this  very  simple 
relation  : — For  each  value  of  the  electromotive  force  the  capillary 
constant  has  a  determuiate  value,  and  one  only,  independent  of  the 
chemical  composition  of  the  liquid.  In  other  terms,  if  for  two  dif- 
ferent combinations  the  electromotive  force  is  the  same,  the  capillary 
constant  is  likewise  the  same. 

To  verify  this  law,  I  at  first  employed  the  following  very  simple 
apparatus  :— Two  equal  capillary  tubes,  T,  T',  are  placed  vertically 
side  by  side,  and  communicate  hy  their  lower  part  with  one  and 
the  same  reservoir  of  mercury  ;  their  upper  extremities  are  fur- 
nished with  two  funnels,  E,  E',  to  receive  the  liquids  for  experiment. 
If  the  same  liquid  has  been  put  into  both  E  and  E'  {e.  g.  water  to 
which  has  been  added  one  sixth  of  its  volume  of  sulphuric  acid*), 
the  capillary  depression  of  the  mercury  is  the  same  in  both  tubes, 
since  all  is  symmetrical  on  both  sides.  In  one  of  the  tubes  a  little 
chlorhydric  acid  or  a  trace  of  bichromate  of  potash  is  added  (the 
former  of  these  substances  augments,  the  latter  diminishes  the  de- 
pression of  the  mercury)  ;  the  meniscuses  cease  to  be  of  the  same 
height  in  both  tubes.  The  reservoirs  E  and  E'  are  then  put  into 
electric  communication  with  one  another  by  means  of  a  fine  tube 
filled  with  acidulated  water.  The  mercury  meniscuses  are  imme- 
diately seen  to  begin  to  move  towards  the  same  horizontal  plane, 
where  they  come  to  rest.  The  tube  of  communication  has  been 
traversed  by  an  electric  current  of  short  duration,  the  effect  of 
which  has  been  to  equalize  the  electromotive  forces  of  the  two 
meniscuses  ;  the  equality  of  these  forces  has  brought  with  it  that 
of  the  capillary  constants,  which  demonstrates  the  law  enunciated. 
When  the  electric  communication  is  suppressed  the  inequality  of 
the  electrical  differences  is  reproduced,  and  at  the  same  time  the 
difference  of  level. 

Another  verification,  of  great  nicety,  has  been  obtained  by  means 
of  a  more  perfect  apparatus.  A  vertical  tube,  open  at  both  ends, 
is  tapered  to  a  fine  point  at  its  lower  extremity.  It  contains  a 
column  of  mercury  of  about  40  centims.  height,  which  is  supported 
by  the  capillary  pressure  of  the  minute  meniscus  which  is  formed 
in  the  slender  point.  This  point  dips  into  a  glass  vessel  V  con- 
*  This  acidulated  has  over  pure  water  the  advantage  of  well  wetting 
the  glass,  which  eliminates  the  variations  of  the  angle  of  junction  between 
the  two. 
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taining  dilute  sulphuric  acid,  with  which  can  be  mixed  substances 
suitable  for  causinp;  the  capillary  constant  of  the  meniscus  to  vary — 
such  as  chlorhydric  acid,  chromic  acid,  &c.  The  electrical  difference 
of  the  meniscus  can  be  maintained  constant.  For  that  purpose 
the  mercury  and  the  liquid  under  experiment  are  put  in  communi- 
cation respectively  with  some  mercury  and  acidulated  water  con- 
tained in  a  lar<^e  vessel  V.  It  can  then  be  ascertained  that  the 
changes  in  composition  of  the  liquid  V  do  not  cause  the  position  of 
the  meniscus  to  vary  ;  this  can  be  verified  by  means  of  a  microscope 
with  a  reticule.  If  the  electrical  commuuications  described  above 
be  suppressed,  the  meniscus  becomes,  on  the  contrary,  very  sensi- 
tive to  the  changes  of  chemical  composition  of  the  liquid. 

It  is  necessary  to  employ  for  these  experiments  substances 
which,  in  small  quantities,  act  powerfully  ou  the  capillary  coustant; 
two  aqueous  solutions  put  into  contact  do  not  take  sensibly  the 
same  electrical  potential,  unless  they  have  nearly  the  same  chemical 
composition.  Between  two  very  different  liquids,  such  as  chlor- 
hydric and  sulphuric  acids,  taken  each  pure  and  diluted,  an  electro- 
motive force  of  contact  is  produced,  which  would  complicate  the 
experiment.  As  bodies  acti\e  in  small  iiuantities  we  may  mention 
(1)  the  hydro-acids  and  hyposulphite  of  soda,  and  (2)  bichromate 
and  permanganate  of  potash  in  the  presence  of  acids.  Chlorine, 
sulphurous  acid,  and  carbonic  acid,  ou  the  contrary,  have  but  little 
action.  Bromine  and  iodine  act  in  the  same  direction  as  the  hy- 
drogen acids,  and  in  the  opposite  direction  to  the  oxidizing  bodies, 
such  as  chromic  acid. — Comptes  Rendiix  de  T Academic  des  Sciences, 
July  16,  1877,  tome  Ixxxv.  jjp.  142-144. 


NOTE  ON    THE  EFFECT  OF    CHROMATIC  ABERRATION    IN  DISTANT 
VISION.       BY  B.  THOMPSON  LOWNE,  F.R.C.S.,  ARRIS    AND  GALE 
LECTURER    ON    ANATOMY    AND     PHYSIOLOGY    IN    THE    ROYAL 
COLLEGE    OF    SURGEONS,  LECTURER    ON    PHYSIOLOGY    IN    THE 
MIDDLESEX    HOSPITAL    MEDICAL    SCHOOL,  OPHTHALMIC   SUR- 
GEON TO  THE  GREAT  NORTHERN  HOSPITAL. 
Mr.  S.  P.  Thompson,  in  a  communication  on  this  subject  published 
in  the  July  Part  of  the '  Philosophical  Magazine '  speaks  of  chromatic 
aberration  as  if  it  were  an  advantage  in  distant  visiou.      1  fail  to 
understand,  however,  how  this  can  be  the  case.      There  can  be  no 
doubt  that   distant  objects  are  seen   with  a  predominance  of  the 
more  refrangible  blue  and  violet  rays  ;  an  eye,  therefore,  which  is 
emmetropic  for  such  rays  is  hypermetropic  for  the  less-refrangible 
red  rays.     Taking  the  dispersive  power  of  the  eye  as  equal  to  that 
of  water,  this  h^-permetropia  amounts  to  two  dioptrics.      Such  an 
eye  would  therefore  have  the  red  objects  of  the  foreground  more 
out  of  focus  than  if  it  were  achromatic.      An  eye  which  is  emme- 
tropic for  red  would  on  the  other  hand  have  blue  objects  accurately 
focused,  without  any  accommodation,  if  they  were  situated  at  a  dis- 
tance of  half  a  metre  from  the  eye.     No  doubt,  if  red  and  blue  are 
situated  on  the  same  plane  at  the  same  distance  from  the  eye,  as 
the  red  requires  the  greatest  effort  of  accommodation  it  \Aill  appear 
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nearer  than  the  blue  ;  but  it  can  hardly  be  conceded  that  the  eye 
has  been  modified  that  we  should  see  the  red  pigments  of  a  paint- 
ing apparently  nearer  than  the  blue  background.  This  cannot 
be  the  meaning  of  the  author  when  he  speaks  of  the  disadvantage 
of  an  achromatic  eye,  and  when  he  supposes  that  such  an  eye  would 
in  process  of  time  lose  its  achromatism  by  variation  and  selection. 


ON  SOME  REMARKABLE  PHENOMENA  IN  GEISSLER  TUBES.       BY 
MM.  REITLINGER  AND  VON  URBANITZKI*. 

One  pole  of  a  Euhmkorff's  induction-coil  was  connected  with 
one  of  the  electrodes  of  wide  cylindrical  (Wiillner's)  discharge- 
tubes.  The  resulting  alternating  discharges  in  the  tubes  are  divided 
by  the  action  of  an  electromagnet  into  two  current-threads,  of 
which  the  one  is  attracted  by  an  approached  conductor,  while  the 
other  (which  corresponds  to  the  inflowing  of  positive  electricity 
into  the  tube),  independently  of  the  direction  of  the  inducing  cur- 
rent, is  much  more  powerfully  repelled.  The  effect  of  this  pre- 
ponderance of  the  repulsion  is,  that  without  a  magnet  the  entire 
discharge  appears  to  be  repelled.  The  experiment  is  singularly 
successful  in  carbonic  acid  and  carbonic  oxide.  The  negative  light, 
as  already  previously  observed,  is  tolerably  indifferent  to  the  in- 
fluencing bodies  ;  but  with  pressures  below  0'2  of  a  millim.,  on 
bringing  the  end  of  the  glass  tube  into  contact  on  two  sides  or  on 
surrounding  it  with  the  cathode,  the  strata  of  the  positive  light 
move  their  own  breadth  towards  the  anode,  so  that  the  first  of  them 
touches  the  anode.  In  oxygen  this  process  does  not  make  its 
appearance. 

While  the  glass  generally  exhibits  a  green  fluorescence  at  the 
negative  electrode,  with  the  purest  possible  hydrogen  it  appears 
greenish  yellow — with  oxygen,  carmine  red ;  but  in  the  latter,  when 
a  stratum  of  air  ia  inserted  in  the  circuit,  it  becomes  again  yellow- 
green  and  green. 

A  vacuum-tube  which  did  not  permit  the  current  of  the  induc- 
tion-coil to  pass  through  it  at  1  centim.  striking-distance,  did  so 
between  the  poles  of  the  magnet ;  accordingly,  in  correspondence 
with  llittorf's  view,  that  which  stopped  the  passage  was  situated  at 
the  cathode. 

If  a  vertical  cylindric  tube  be  brought  between  the  magnet-poles, 
and  thereby  the  positive  discharge  pressed  threadlike,  in  the  equa- 
torial plane,  towards  the  glass,  and  the  negative  bent  into  the 
magnetic  surface,  then  a  third  magnet-pole  deflects  the  latter  as  if 
it  were  paramagnetically  polar,  but  each  of  the  strata  as  if  they 
were  diamagnetically  polar.  With  alternating  discharges  in  tubes 
connected  at  one  end  only  with  the  induction-coil,  there  appears 
at  the  same  wire  electrode  two  differently  coloured  light-surfaces, 
perpendicular  to  each  other — one  axial  and  one  equatorial,  the  latter 
only  on  one  side  of  the  wire.  These  phenomena  cannot  be  deduced 
from  the  known  laws  of  the  reciprocal  action  between  current- 
conductors  and  magnets. — Beiblatter  zu  Poggendorff's  Annalen, 
1877,  No.  7,  p.  416. 

•    Ji'irnfir  Anz.  1877.  pp.  100-104. 
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XXXII.  On  PicoUne  and  its  Derivatives.  Bij  WlLLL\.:\r  Ram- 
SAY,  Ph.D.,  Tutorial  Assistant  of  Chemistrij  in  the  Glasgow 
Universit//*. 

IN  my  last  memoir  (Phil.  Mag.  Oct.  1870)  it  was  remarked 
that  the  attempt  to  prepare  ])yritline,  or  bases  of  the 
same  series,  by  passing  hydrocyanic  acid  and  acetylene  through 
a  red-hot  tube  was  successful.  I  have  repeated  this  experi- 
ment on  a  somewhat  larger  scale  ;  the  bases  were  purified 
by  boiling  them  with  nitro-hydrochloric  acid  ;  the  salts  wore 
decomposed  with  sodium  hydrate,  and  the  liberated  l)ases  dis- 
tilled over  with  water-vapour,  neutralized  with  hydrochloric 
acid,  and  transformed  into  platinum  chlorides.  On  ignition, 
the  platinum  was  found  to  amount  to  34*6  per  cent.,  Avhilo 
pyridine  platinichloride  contains  35"4  per  cent,  of  platinum. 
It  therefore  appears  that  a  mixture  of  these  bases,  as  well  as 
condensation-jiroducts  of  acetylene,  is  produced  by  the  mutual 
action  of  acetylene  and  hydrocyanic  acid.  The  yield  is  ex- 
tremely small ;  as  before,  not  more  than  a  few  drops  of  the 
bases  were  obtained;  but  were  all  other  proof  wanting,  their 
smell  would  afford  sufficient  proof  of  their  formation. 

PicoUne  cyanate. — The  reaction  which  takes  place  between 
primary  and  secondary  organic  bases  and  cyanic  acid  made  it 
appear  of  interest  to  ascertain  the  behaviour  of  a  tertiary 
base  under  similar  circumstances. 

Pure  picoline  hydrochloride,  prepared  l)y  adding  excess  of 
strong  hydrochloric   acid   to  [)icoline    and  distilling  from  a 

*  Coinraimicated  by  the  Author. 
Phil  Mag.  S.  5.  Vol.  4.  No.  25.  Oct.  1877.  R 


242  Dr.  W.  Ramsay  on  Picoline 

small  retort,  was  mixed  with  excess  of  silver  cyanate  in  the 
cold.  The  silver  cyanate  was  converted  into  chloride  with 
slight  rise  of  temperature  ;  the  liquid  acquired  the  smell  of 
picoline,  while  at  the  same  time  a  very  pungent  smell  Avas 
observable.  After  the  silver  chloride  had  been  removed  by 
filtration,  the  filtrate,  which  had  a  strong  smell  of  picoline, 
was  placed  to  evaporate  over  sulphuric  acid  ;  after  some  weeks 
small  indistinctly  formed  crystals  separated.  When  these 
crystals  were  dissolved  in  water  and  warmed,  picoline  and  a 
gas  were  given  oflt';  when  heated  alone,  the  salt  fuses  and 
evolves  picoline  in  large  quantity  along  with  some  ammonia, 
and  crystals  of  cyamelide  sublime.  As  was  to  be  expected, 
picoline  has  no  tendency  to  combine  with,  nor  is  it  changed 
by,  cyanic  acid.  The  compound,  when  formed,  is  very  un- 
stable, and  decomposes  easily  into  its  proximate  constituents. 

Compoun(]><  ohtained  hj  heating  Picoline  Platinichloride  loitli 

Water. 

10  grms.  of  picoline  platinichloride  were  heated  in  a  sealed 
tube  with  about  20  cub.  centims.  of  water  to  170°  for  some 
days.  The  salt  dissolved  completely  in  the  water  at  the  ele- 
vated temperature  ;  but  each  morning,  when  the  tube  was  cold, 
a  large  quantity  had  crystallized  out.  After  three  days  very 
little  separated  in  a  distinctly  crystalline  form;  bu.t  a  very 
viscid  oil  sank  to  the  bottom,  while  flocks  of  a  sulphur-yellow 
colour  deposited  from  the  orange-coloured  solution  while  cool- 
ing. The  oil  was  boiled  repeatedly  with  fresh  portions  of 
water;  it  separated  into  a  soluble  portion  consisting  of  un- 
altered picoline  platinichloride  and  a  dirty  yellowish-green 
powder  insoluble  in  water.  This  powder  was  dried  at  100°, 
and  analyzed.  The  platinum  was  precipitated  with  sulphu- 
retted hydrogen ;  and  the  chlorine  was  estimated  in  the  filtrate. 

0*2450  orm.  of  substance  gave  0'1115  o;rm.  of  Pt  and  0*3252 
grm.  of  AgCl,  equal  to  45*51  per  cent,  of  platinum  and  32*81 
per  cent,  of  chlorine.  These  numbers  correspond  with  the 
formula  Co  Hy  N  .  PtCli,  which  requires  45 "GO  per  cent,  of 
platinum  and  32*87  per  cent,  of  chlorine.  The  soluble  por- 
tion of  the  oil,  when  evaporated,  gave  oflf  abundant  fumes 
of  hydrochloric  acid. 

The  sulphur-yellow  poAvder  was  also  dried  and  analyzed  : 
0*4455  grm.  gavoO*l(J75  grm.  of  platinum  =37*59  per  cent., 
and  0*4748  grm.  of  silver  chloride  =26*35  per  cent. 

These  numbers  correspond  M'ith  the  formula  (C,;  H7N)2  PtCl4, 
which  requires  27*02  per  cent  of  chlorine  and  37*58  per  cent, 
of  platinum.     It  is  analogous  to  Anderson's  chloride  of  platino- 
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pyridine  obtained  by  boiling  tbe  platinum  salt  of  pyridine 
with  water. 

The  reactions  showing  the  formation  of  these  substances 

(CeH,N.HCl)2PtCl,  =  CoH,N.rtCl,  +  HCl  +  C„H,N.HCl; 

and 

(C«  H;  N .  HC1)2 .  PtCl,= (C,  H;  N)2  PtOl,  +  2HC1. 

I  was  unable  to  obtain  a  compound  analogous  to  Ander- 
son's double  salt  of  pyridine  platinichloride  and  chloride  of 
platino])yridin(>.  Supposing  such  a  salt  to  exist,  it  would 
have  the  formula  ((J«  H;  N)^  HCl .  PtCl,.  We  should  then 
have  a  series,  the  first  three  members  of  which  differ  from 
each  other  by  a  progressive  loss  of  hydrochloric  acid,  while 
the  last  differs  from  the  one  immediately  preceding  by  con- 
taining a  molecule  of  picoline  less ;  thus  : — 

Picoline  platinichloride (Cg  H7  N)2  (HC1)2  PtClj 

{Double  salt' ; (C,  H;N)2  HCl.  PtCl,}? 

Platino-picolino  chloride  ...(Cy  H7  N)2  PtCli 
New  compound (Cc  H7  N)  .  PtCl.i. 

That  picoline  is  really  evolved  when  the  platiuo-picoline 
chloride  is  transformed  into  the  new  salt,  was  proved  by  heat- 
ing some  of  the  former  to  a  high  temperature^  with  water. 
The  dirty-yellow  residue  had  a  strong  smell  of  picoline. 

The  compound  C,jH;N.PtCl4  is  soluble  in  hot  caustic 
alkalies ;  and  on  cooling,  brown  flocks  separate  ;  no  picoline 
is  evolved  even  on  continued  boiling.  (Co  H;  N)2  PtCl.i  also 
dissolves  in  alkalies ;  but  on  cooling,  no  deposit  is  formed,  and 
on  addition  of  hydrochloric  acid  it  is  again  precipitated  as 
before.  It  is  very  sparingly  soluble  in  water  ;  it,  as  well  as  the 
other  compound,  dissolves 'in  hot  picoline  ;  but  the^new  com- 
pound cannot  be  transformed  into  (C^  H7  N)2  PtCl^  by  this 
means  ;  no  picoline  adds  itself  on  ;  and  when  the  picoline  has 
evaporated,  the  new  compound  is  left  as  a  gummy  mass, 
having  the  same  composition  as  before. 

It  was  also  found  impossible  to  transform  (C,j  H7  N)2  PtCl4 
or  CcH7N.PtCl4  into  (Cg  H7  N)2  (HCl)2  PtCl^  by  heating 
with  strong  hydrochloric  acid  ;  neither  that  acid  nor  nitric 
acid  has  any  action  whatever  on  these  compounds. 

The  fiict  that  they  do  not  evolve  picoline  on  treatment  with 
alkalies  affords  a  very  strong  presumption  that  they  do  not 
contain  picoline  as  such  ;  but  in  what  manner  the  platinum 
is  held  in  combination  with  the  picoline  is  as  yet  inexplicable. 
The  compound  Ce  H7  N  .  PtOl^  has  in  so  fiir  an  interest,  that  it 

R2 
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is  not  analogous  to  any  known  compound  of"  platinum  chloride 
witli  ammonia. 

Oxidation  of  Picoline. — 4  ounces  of  picoline  Avero  oxidized 
by  Professor  De war's  process  (Trans.  Roy.  Soc.  Edinb.  1872, 
])p.  189-196)  with  potassium  permanganate.  After  the  re- 
duced manganese  had  been  removed  by  filtration  and  the  un- 
oxidized  ])icoline  recovered  by  distillation,  the  liquid  was 
neutralized,  boiled,  and  precipitated  while  boiling  with  excess 
of  siiver  nitrate.  The  extremely  bulky  curdy  precipitate  was 
filtered  through  cloth,  squeezed,  and  washed  repeatedly  with 
boiling  water.  It  was  then  again  stirred  up  Avith  water  till 
thoroughly  disintegrated,  and  decomposed  with  sulphuretted 
hydrogen,  or  with  hydrochloric  acid.  After  the  silver  sul- 
phide or  chloride  had  been  filtered  off,  the  liquid  was  concen- 
trated to  a  comparatively  small  bulk ;  on  cooling,  long  white 
crystals  of  dicarbopyridenic  acid,  C;  H,  NO4,  filled  the  whole 
vessel.  After  these  crystals  were  removed,  the  mother-liquor 
gave  a  second,  but  much  smaller,  crop  on  further  evaporation  ; 
it  was  also  collected,  and  the  filtrate  was  set  apart  for  further 
investigation. 

The  filtrate  from  the  precipitate  with  silver  nitrate  con- 
tained but  a  very  small  amount  of  organic  substance.  I  suc- 
ceeded in  isolating  a  small  amount  of  oxalic  acid  from  it,  by 
precipitation  with  lead  acetate.  No  organic  acids,  however, 
crystallized  out  when  it  was  evaporated  to  a  small  bulk  and 
mixed  with  sulphuric  acid. 

AVhen  dicarbopyridenic  acid  deposits  from  an  impure  solu- 
tion, it  crystallizes  in  hair-like  needles  of  great  length,  which 
are  anhydrous.  This  form,  dissolved  in  hot  water  and  re- 
crystallized,  deposits  in  plates  resembling  naphthaline,  as  re- 
marked by  Mr.  Dewar.  But  these  are  not  the  only  forms  in 
which  it  crystalizes.  If  the  long  hair-like  crystals  be  alloAved 
to  remain  in  water  for  some  weeks,  their  shape  changes  to 
that  of  blunt  prisms,  apparently  formed  of  a  number  of  these 
plates  agglomerated  together.  These  latter  crystals  contain 
one  molecule  of  water,  as  proved  by  the  following  esti- 
mation : — 

0-3088  grm.,  after  being  heated  to  100°  for  some  hours, 
lost  0-0293  grm.,  =  9-49  per  cent.  C;  Hg  NO4  .  HgO  contains 
9*83  per  cent,  of  water. 

None  of  the  crystalline  forms  of  this  acid  were  sufficiently 
well  defined  to  allow  of  the  determination  of  their  crystallo- 
graphic  constants.  The  acid  has  a  remarkably  sweet  taste, 
but  no  smell.  Its  melting-point,  when  anhydrous,  was 
found,  by  repeated  determinations,  to  be  237°-5.     On  crys- 
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tallization  from  aqueous  alcohol,  in  wliicli  it  is  more  soluble 
than  in  water,  the  acid  deposits  in  prisms,  and  from  ether  in 
hairs. 

The  acid  has  no  basic  properties ;  a  portion  evaporated  to 
dryness  with  hydrochloric  acid  f^ained  no  \\einht,  showing 
that  no  chloride  was  formed.  Mr.  Dowar's  formula  for  dicar- 
bopyridenic  acid  was  coniirmed  by  analysis  of  the  acid,  a«  well 
as  of  a  number  of  its  salts. 

0-3872  grm.  gaye  0-7109  grm.COg,  and  0-11 U*  frrm.  H^O. 
=  51-20  per  cent.  C,  and  3-28  per  cent.  H.  Theory  for 
C;  H5  NO4 — carbon  50-30  i)or  cent.,  hydrogen  3*00  per  cent. 

When  heated  to  its  molting-])oint,  the  acid  decomposes  into 
carbonic  anhydride  and  pyridine ;  hence  its  fonnula  is 
written  C5H3N(COOH)2.   ' 

Salts  of  .Vicarhopyridenic  Acid. 

The  neutral  jwtassium  salt,  C,5  H3  N  (C00K)2,  was  pre- 
pared by  neutralizing  the  acid  with  potassium  carbonate  and 
eyaporating.  It  is  (extremely  soluble  in  water.  When  its 
solution  is  eyaporated  over  sulj)liuric  acid,  it  deposits  in 
needles  containing  1  ^  molecule  of  water. 

After  drying  at  100°,  0-4030  grm.  lost  0-041 G  grm.,  =  10-32 

per  cent.     The  loss,  corresponding  to  2Ho  0,  should  amount 

to  12-90  per  cent.,   and   to   H-   molecule  of  water  to  10-00 

per  cent. 

r  OOOTT 
The  acid  j^otassiiim  salt,  CsHsN-j  riQ^TT-)  is  prepared  by 

adding  a  molecule  of  the  acid  to  a  molecule  of  the  neutral 
salt.  It  is  much  more  sparingly  soluble  in  water,  and  crys- 
tallizes in  small  globular  masses  consisting  of  tufts  of  needles 
radiating  from  a  connnon  centre. 

The  sodium  salt  forms  very  soluble  white  crystals. 

Ammonium  Salt. — A  solution  of  the  acid  in  alcohol  gives, 
on  addition  of  ammonia,  a  precipitate  consisting  of  small 
plates.  These  plates,  viewed  by  polarized  light  under  a  mi- 
croscope, exhibit  phenomena  similar  to  those  with  selenite. 
Interference  is  })roduced,  the  result  of  which  is  that  the  jilates 
exhibit  different  colours,  the  colour  depending  on  th(i  thick- 
ness. But  each  single  plate  of  the  ammonium  salt  exhibits  a 
regular  gradation  of  colour  without  any  break  of  contiiniity. 
Does  this  mean  that  the  opposite  sides  of  the  plate  are  not 
parallel  to  each  otlier? 

Calcium  Salts. — The  neutral  salt,  C5H3  N  (C02)2Ca,  is 
soluble  in  a  large  quantity  of  water.  During  evaporation  of 
its  solution  to  a  small    bulk,    the   salt  deposits  very  small 
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needle-shaped  crystals.  It  is  very  slightly  more  soluble  in 
hot  than  in  cold  water,  and  cannot  be  obtained  in  large  crystals 
by  cooling  a  hot  solution,  nor  by  allowing  a  solution  to  eva- 
porate over  sulphuric  acid.  It  contains  no  water  of  crystal- 
lization. 

0-2510  grm.,  dried  at  100°,  gave  0'1198  grm.  CaC03,= 
0-0479  grm.  Ca,  =  18-63  per  cent,  of  Ca.  C5  H3  N (000)2  Ca 
requires  19-51  per  cent. 

The  neutral  salt  does  not  dissolve  in  excess  of  the  acid.  It 
may  be  prepared  either  by  boiling  a  very  dilute  solution  of  the 
acid  with  calcium  carbonate,  or  by  mixing  very  concentrated 
solutions  of  calcium  chloride  and  the  acid  ammonium  salt 
of  dicarbopvridenic  acid. 

Bariimi  Salts.— The  neutral  salt,  Cg  H3  N"  (000)2  Ba  +  Hg  0 
(Ba  found,  42-81  per  cent.;  calculated,  42-54:  H2  0  found 
6-24  per  cent. ;  calculated,  5*62),  is  formed  by  dissolving 
barium  carbonate  in  a  very  dilute  solution  of  the  acid.  In  its 
properties  it  closely  resembles  the  calcium  salt.  It  crystal- 
lizes in  microscopic  plates.  The  acid  salt  is  a  very  insoluble 
white  powder. 

The  neutral  zinc  salt  crystallizes  from  a  dilute  solution 
allowed  to  stand  over  sulphuric  acid  in  well-defined  octahedra. 

The  lead  salt  is  sparingly  soluble  in  water,  and  crystallizes 
out,  when  a  hot  solution  of  the  ammonium  salt  and  lead 
acetate  are  mixed,  in  short  small  prisms,  which  are  without 
action  on  polarized  light. 

There  are  two  copjoer  salts,  one  of  which  forms  light-blue 
needles  with  a  satin-like  lustre  ;  the  other  crystallizes  in 
dark  blue  prisms.  The  former  is  sparingly,  and  the  latter 
easily,  soluble  in  w^ater. 

The  cadmium  salt,  prepared  by  adding  cadmium  chloride 
to  the  acid,  is  a  wdiite,  very  sparingly  soluble  precipitate  ;  it 
contains  no  water  of  crystallization. 

With  ferrous  salts,  dicarbopyridenic  acid,  or  any  one  of  its 
soluble  salts,  gives  a  red  colour,  closely  resembling  that  of 
ferric  sulphocyanide.  This  forms  an  excellent  test  for  the 
presence  of  the  acid.  Ferric  salts  produce  no  change  of 
colour  nor  precipitate. 

The  manf/anese  salt,  C5  H3N  (000)2  Mn.  H2_0,  ^^as  pre- 
pared bv  adding  manganese  carbonate  to  the  acid.  The  car- 
bonate dissolved  at  first ;  but  a  white  salt  of  the  above  formula 
came  down  after  some  time.     It  is  sparingly  soluble  in  water. 

0-2212  grm.  lost  at  110°  0-01G4  grm.,  =  7-41  per  cent. 
Theory  demands  7-56  per  cent.  0-2212  grm.  gave  0-07090 
grm.  Mus  0.1,  =  23-05  per  cent.  Mn.  Theory  requires  23-10 
per  cent. 
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Two  silver  salts  were  formed — the  acid  salt  by  precipitatinn- 
the  acid  in  presence  of  nitric  acid  with  an  insufficient  quantity 
of  silver  nitrate,  and  the  neutral  salt  by  adding  excess  of 
silver  nitrate  to  the  acid  or  its  potassium  salt.  They  are  bofli 
white  f2;elatinous  precipitates  when  })recipitated  from  cold 
solutions  ;  but  from  boiling  solutions  they  come  down  in  a 
curdy  state.  In  the  latter  form  they  are  easily  filtered  through 
cloth.  They  arc  enormously  bulky,  and  almost,  although  not 
quite,  insoluble  in  water.  They  arc  not  quickly  discoloured 
by  light. 

Neutral   salt  ^^^"^2^ [cOQAo- 

I.  0-3057  grm.  gave  0-1720  grm.  Ag,==5G-26  percent. 

II.  0-5209  grm.  gave  0-2943  grm.  Ag,  =  56-49  per  cent. 

Theory  requires  56'C9  per  cent. 
Acid  salt. — Co  H3  N  -j  QQQj^^, . 

I.  0-3355  grm.  gave  0-1313  grm.  Ag,  =  39'l  per  cent. 

II.  0-2005  grm.  gave  0-0777  grm.  Ag,  =  38-75  per  cent. 

Theory  requires  39*41  per  cent. 

When  heated,  these  salts  behave  like  mercury  sulphocyanidc, 
leaving  a  very  light  porous  mass  of  metallic  silver. 

All  the  salts  of  dicarbopyridenic  acid,  when  heated,  give  off 
a  basic  smell  resembling  that  of  pyridine,  while  a  small  car- 
bonaceous residue  is  left. 

Dicarhoj^jjridenic  Chloride. — Five  grms.  of  acid  were  mixed 
in  a  small  retort  with  13-5  grms.  of  phosphoric  chloride.  The 
reaction  soon  commenced,  hydrocbloric  acid  and  phosjdioryl 
chloride  being  abundantly  evolved  for  about  an  hour.  The 
mixture  was  then  heated,  and  ail  the  volatile  contents  of  the 
retort  distilled  over;  a  small  ([uantity  of  charcoal  was  left. 
The  last  portions  of  the  distillate  solidified.  The  whole  of  the 
distillate  was  redistilled  ;  phosphoryl  chloride  came  over  beloAv 
110°;  and  after  it  had  ceased  to  distil  over,  the  mercury  rose 
very  rapidly  to  284°,  at  which  temperature  the  chloride  dis- 
tilled. It  was  washed  Avith  cold  ^\■ater  once  or  twice,  and 
dried,  first  between  folds  of  blotting-paper,  and  then  over 
sul|)huric  acid. 

The  chloride  is  insoluble  in  water,  soluble  in  alcohol,  with 
decomposition,  and  very  sparingly  soluble  in  ether.  When 
melted,  and  allowed  to  cool,  it  solidifies  in  long  needles,  which 
shoot  out  from  the  sides  of  the  vessel  into  the  still  liquid 
portion.     Its  melting  point  is  G0-5-Gl°.      It  is  a  compara- 
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tivelj  stable  body,  as  -water  when  cold  has  but  slight  action 
on  it. 

Amide. — From  the  chloride,  the  amide  was  prepared  by 
])assino-  anhydrous  ammonia  over  it  while  hot.  The  amide  is 
insolul)le  in  water;  it  dissolves  in  a  large  quantity  of  hot 
alcohol ;  when  this  solution  was  evaporated  over  sulphuric 
acid,  it  came  down  as  a  white,  ajiparently  amorphous  powder. 
It  is  also  insoluble  in  ether,  and  possesses  neither  taste  nor 
smell.  It  melts  at  295*5-297°  (uncorr.).  When  warmed,  a 
sublimate  of  long  needles  was  obtained,  the  melting-point  of 
which  was  above  the  boiling-point  of  mercury.  Whether 
this  body  was  an  amide  or  not  I  was  unable  to  ascertain,  as  I 
had  not  a  sufficient  quantity  at  my  disposal. 

Methyl  Ether.- — The  methyl  ether  was  prepared  in  two 
ways  : — first,  by  boiling  the  silver  salt  of  the  acid  with  methyl 
iodide  in  presence  of  alcohol ;  and,  second,  by  ochobating  the 
chloride  with  methyl  alcohol.  In  both  cases  the  same  body 
Avas  obtained. 

When  prepared  by  the  first  method,  12"5  grms.  of  the 
silver  salt  were  boiled  with  200  cubic  centimetres  of  alcohol 
and  11  cubic  centimetres  of  methyl  iodide  for  some  days. 
The  liquid  was  concentrated  to  a  small  bulk  ;  and  small  white 
crystals  Avere  deposited,  which  were  redissolved  in  alcohol 
and  recrystallized. 

It  was  also  prepared  from  the  chloride  by  placing  some  in 
a  dry  flask^  and  adding  to  it  anhydrous  raethyl  alcohol.  Heat 
Avas  evolved,  and  the  alcohol  began  to  boil.  When  the  action 
had  moderated,  the  mixture  was  cohobated  for  some  days,  to 
ensure  the  complete  conversion  of  the  chloride  into  the 
ether.  Most  of  the  alcohol  was  then  removed  by  distillation; 
and  the  ether  crystallized  out  when  its  solvent  had  become 
cold.  In  both  cases  the  substance  obtained  consisted  of  well 
formed  modified  rhombohedral  crystals  (?).  The  methyl  ether 
melts  at  117°"5  ;  it  is  easily  soluble  in  water,  alcohol,  and 
ether.  It  has  a  faint  smell  of  mice.  It  Avas  analyzed  Avith 
the  folloAving  results  : — 

0-4070  grm.  gave  0*1640  grm.  of  H2  0,  and  0*795  grm.  of 
COo;  H  =  3*98  per  cent.,  and  0  =  53*26.  Theory  demands 
4*61  per  cent,  of  hydrogen  and  53*38  per  cent,  of  carbon  for 
Ce  H3  N  (COO  .  G%).. 

Aldehyde. — Two  grains  of  the  lime-salt  Avere  mixed  Avith 
3  grains  of  calcium  formate,  and  distilled  from  a  bulb  made 
of  combustion-tubing.  The  reaction  began  at  a  red  heat. 
The  distillate  consisted  partly  of  a  yelloAV  oil  and  partly  of 
Avhite  crystals,  Avhich  solidified  in  the  tube  of  the  condenser. 
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The  crystals  were  easily  volatile,  both  alone  and  with  water- 
vapour, — and  when  boiletl  with  potassium  permanfranate  gave, 
after  removal  of  tJie  manganese,  a  white  precipitate  witli 
silver  nitrate,  having  all  the  properties  of  silver  dicarbo- 
pyridenate. 

The  oil  was  nnlistillcMl  with  water-vapour  ;  and  the  basic 
portion  was  transformed  into  a  platinum  salt.  The  ])ortion 
of  the  double  salt  insoluble  in  water  consisted  of  ammonium 
platinichloride,  and  the  soluble  portion  of  a  mixture  of 
pyridine  and  annnonium  platinichloride,  as  was  proved  by  the 
amount  of  platinum  it  contained.  The  percentage  of  platinum 
found  was  87-0o  ;  34:*60  is  the  amount  contained  in  pyridine 
platinichloride^ 

I  had  intended  to  reduce  the  aldehyde  to  the  alcohol  ; 
but  the  yield  of  the  former  was  so  small  that  it  would 
have  been  useless  to  attempt  it.  By  far  the  greater  ])ortion 
of  the  calcium  salt  decomposed,  with  formation  of  pyridine 
and  annnonia.  Had  it  been  possible  to  obtain  tlie  alcohol 
in  sufficient  quantity,  it  might  have  been  reduced  to  the 
base  with  which  it  is  related,  having  the  formula  of  lutidine. 
A  transformation  such  as  this  would  have  gone  far  to  esta- 
blish the  relation  of  one  member  of  the  pyridine  series  to 
the  others. 

One  method,  however,  remained.  The  acid  when  distilled 
with  soda-lime  yields  pvridine,  thus  : 

C.5H3N(COOH)2  +  4NaHO  =  C5H5N  +  2Na2C03  +  2H2  0. 
Under  similar  circumstances,  the  methyl  ether  might  give 
lutidine,  provided  lutidine  be  dimethyl-])yridine ;  or  a  base 
isomeric  with  lutidine,  were  that  supposition  false. 

To  decide  this  question,  methyl-dicarbopyridenate  was 
distilled  with  soda-lime  at  a  heat  approaching  to  redness. 
This  operation  was  conducted  twice — first  with  about  2 
grams  of  the  ether,  and  the  second  time  with  rather  more 
than  5  grams.  Hydrogen  was  evolved  with  great  regularity 
during  the  whole  distillation,  no  gaseous  hydrocarbon  being 
formed,  as  was  proved  by  analysis.  On  explosion  Avith 
oxygen,  none  of  the  residual  gas  was  absorbable  by  potash  : 
it  consisted  of  pure  oxygen.  The  distillate  had  a  very  strong- 
basic  smell.  It  was  redistilled  with  dilute  caustic  soda,  and 
divided  into  two  portions.  Both  of  these  were  neutralized  with 
hydrochloric  acid, and  eAaporated  to  dryness :  one  of  them  was 
mixed  with  nitric  acid,  and  again  evaporated  to  dryness  ;  the 
nitric  acid  was  then  expelled  by  repeated  evaporation  with 
hydrochloric  acid.  Platinum  tetrachloride  was  tJKm  added,  and 
the  precipitate  fractionated.     The  first  portions  consisted  of 
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\mvQ  ammonium  platinichloride,  the  last  of  pyridine  platini- 
clilorido.  In  no  case  did  the  amount  of  platinum  found  indicate 
that  the  base  possessed  a  higher  molecular  weight  than  that  of 
pyridine.  Similar  results  were  obtained  with  the  portions 
which  had  not  been  boiled  with  nitric  acid.  It  is  therefore 
certain  that  no  bases  are  found,  the  molecular  weight  of  which 
is  greater  than  that  of  pyridine,  and  probable  that  pyridine 
is  the  only  base  produced  with  exception  of  ammonia.  This 
affords  a  strong  presumption  that  lutidine  is  not  dimethyl- 
pyridine  ;  for,  were  it  produced,  it  is  certainly  stable  enough 
to  resist  decomposition  by  soda-lime. 

Mr.  Dewar  mentions  in  his  memoir  that  he  obtained  a 
mixture  of  dicarbopyridenic  acid  with  another  acid  of  much 
higher  molecular  weight,  less  soluble  in  water  than  the 
aboye-named  acid.  Of  such  an  acid  I  could  find  no  trace  ; 
but  the  mother  liquor  of  dicarbopyridenic  acid,  by  repeated 
fractional  crystallization  from  alcohol,  deposited  yery  well- 
formed  rhombic  crystals,  of  which  I  had  about  a  gram  at  my 
disposal.  This  acid  gave  off  a  smell  of  pyridine  when  rapidly 
heated,  and  when  gently  warmed  sublimed,  apparently  with- 
out alteration.  Its  melting-  and  decomposing-point  was 
216°"5-217°  (uncorr.),  while  that  of  dicarbopyridenic  acid, 
taken  at  the  same  time  with  the  same  thermometer,  was 
237°*5.  With  ferrous  salts,  dicarbo|)yridenic  acid  gives  a 
deep-red  coloration,  -svhile  the  new  acid  gives  a  yellow  colour 
like  that  of  ferric  chloride.  The  basicity  of  the  new  acid, 
determined  by  titration  with  standard  potash,  was  found  to 
be  152  :  the  potassium  salt  contained  33-85  per  cent,  of 
potash  ;  the  molecular  weight  of  dicarbopyrdenic  acid  is  167  ; 
and  its  potassium  salt  contains  32-11  per  cent,  of  potassium. 
The  new  acid  is  extremely  soluble  in  cold  Avater  and  in 
alcohol,  whereas  dicarbopyridenic  acid  is  sparingly  soluble  in 
cold  water.  The  acid,  as  Veil  as  its  lead-salt,  v.hich  is  mode- 
rately soluble  in  water,  and  crystallizes  in  radiated  crystals, 
was  analyzed  with  the  following  results  : — 

0-401(5  grm.  of  the  acid  lost,  at  110°,  0*0723  grm.  This 
loss  consists  partly  of  water  and  partly  of  yolatihzed  acid,  as 
I  afterwards  ascertained.  0-3293  grm.  gave  0-5630  grm. 
COo,  and  0-1154  grm.  Ho  0,  =  46-50  per  cent,  of  carbon  and 
3-83  per  cent,  of  hydrogen. 

The  carbon  and  "hydrogen  in  the  lead-salt  were  also  deter- 
mined ;  the  lead  was  unfortunately  lost. 

0-4122  grm.  of  the  dry  salt  gave,  on  combustion  with 
copper  oxide,  0-3170  grm.  of  CO2,  and  0*0565  grm.  of  H,  = 
20-97  per  cent,  of  carbon  and  1-54  per  cent  of  hydrogen. 


and  its  Derivatives.  251 

Assuming  the  acid  to  bo  dibasic,  it  must  contain  four 
atoms  of  oxygen  ;  and  as  it  gave  oft'  a  smell  resembling 
pyridine  wlien  heated,  it  contains  nitrogen,  probably  one 
atom.  The  basicity  has  been  determined.  Calculating  the 
carbon  and  hydrogen  contained  in  the  lead-salts,  from  these 
data,  to  their  percentage  in  the  acid,  the  following  are  tho 
results  : — 

por  cont.  per  cent. 

Acid     .     .     4()'5i)  of  carbon,  and  3*83  of  hydrogen. 
Lead-salt    "^ 

calculated    >46'83  of  carbon,  and  4'0()  of  hydrogen, 
to  acid.     J 

The  formula  agreeing  most  closely  with  the  above  results 
is  Cg  H;  NOo,  wliicli  requires  45'85  per  cent,  of  carbon  and 
4*20  per  cent,  of  hydrogen.  Its  potassium-salt  would  con- 
tain 33*53  per  cent,  of  potash  ;  the  number  found  by  titration 
was  33*85  per  cent.  I  am  far  from  assured  that  the  above 
formula  ex])rcsses  the  true  composition  of  the  new  acid,  and 
should  willingly  have  investigated  it  more  thoroughly,  had 
not  the  great  difliculty  of  separating  it,  and  the  small  quan- 
tity in  Vthich  it  is  obtainable,  rendered  it  improbable  that 
I  should  ever  have  procured  enough  for  comi)k'te  investiga- 
tion. That  it  is  distinct  from  diearbopyridenic  acid  is  suf- 
ficiently proved  by  its  properties. 

The  silver-salt  of  the  new  acid  is  a  jelly  soluble  in  water 
with  difficulty,  and  turns  purple  on  exposure  to  light.  Its 
ammonium-salt  volatilizes  with  water-vapour  :  hence  an 
attempt  to  determine  its  molecular  weight  by  evaporation 
with  ammonia  was  imsuccessful.  The  ammonium-salt  gives 
no  precipitate  with  salts  of  copper,  zinc,  dyad  mercury, 
nickel,  or  tin.  With  salts  of  silver  it  gives  a  gelatinous 
precipitate,  and  Avith  ferrous  salts,  as  already  remarked,  a 
deep  yellow  colour. 

Oxidation  of  Lutidine. — Dr.  ^Vright  supposed  that  di- 
earbopyridenic acid  might  possibly  be  produced  by  oxidation 
of  lutidine  ])rescnt  in  the  ])icoline  used;  but  Professor  Dewar's 
base,  as  well  as  that  oxidized  by  myself,  was  practically  free 
from  lutidine.  Mr.  Dewar  compares  the  oxidation  of  picoline 
to  that  of  benzol ;  the  resulting  bodies  in  both  cases  contain 
more  atoms  of  carbon  than  the  substances  from  which  they 
are  derived.  Toluol  when  oxidized  is  much  more  easily  con- 
verted into  benzoic  acid  than  benzol  is ;  but  the  oxidation 
products  of  lutidine  contain  no  acid  precipitate  with  silver 
nitrate  of  so  Ioav  a  molecular  weight  as  diearbopyridenic  acid. 
When  lutidine  was  oxidized  iu  the  same  manner  as  picoline, 
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the  reaction  took  place  more  quickly.  The  filtrate  from  the 
manganese  hydrate  was  treated  with  silver  nitrate,  and  the 
insoluble  silver  salts  decomjDosed  with  sulphuretted  hydrogen. 
The  mixture  of  acids  obtained  dissolved  in  water  with  dif- 
ficulty, and  on  cooling  crystallized  out  in  crusts.  The  acid 
was  again  dissolved  in  hot  alcohol,  in  which  it  is  sparingly 
soluble,  and  crystallized.  It  deposited  in  microscopic  needles. 
Some  of  it  was  transformed  into  the  silver  salt,  and  ignited. 

0'2913  grm.  gave  0"G335  grm.  of  metallic  silver  =  45'82 
per  cent. 

The  molecular  weight  of  the  acid,  if  dibasic,  is  thus  257. 
No  dicarbopyridenic  acid  could  be  discovei'ed  among  the  pro- 
ducts of  oxidation  after  crystallization.  From  a  scarcity  of 
material  it  was  impossible  to  obtain  enough  of  the  acid  giving 
the  salt,  the  analysis  of  which  is  given  above,  for  complete 
investigation.  By  the  kindness  of  Professor  Ferguson,  to 
Avhom  I  have  to  express  my  deep  indebtedness  for  kindly 
supplying  to  me  the  material  for  this  research,  I  have  now 
a  larger  quantity  of  lutidine  at  my  disposal,  and  intend  to 
examine  its  oxidation  products  more  carefully.  It  is  already 
certain  that  lutidine  is  not  convertible  into  dicarbopyridenic 
acid  by  oxidation  (that  is,  by  transformation  of  two  methyl 
into  two  carboxyl  groups)  ;  and  this  circumstance,  combined 
with  the  foct  that  it  is  not  produced  by  the  reaction 

Cs  fl3  N  (COO  0113)2  =  2CO2  +  C5  Ha  N  (CH3)o, 

affords  strong  presumption'  that  the  members  of  this  series 
do  not  differ  from  each  other  by  containing  a  group  of  methyl 
more  or  less. 

Dipicoline. — Nearly  five  years  ago  Professor  Thomas  An- 
derson left  bottles  containing  pyridine  and  picoline,  in  which 
a  considerable  quantity  of  sodium  had  been  placed.  I  opened 
the  bottle  containing  picoline  and  sodium  in  the  month  of 
March  of  the  current  year.  The  contents  of  the  bottle  formed 
a  yellow  opaque  mass,  of  the  consistency  of  sirup,  at  the 
bottom  of  the  bottle.  The  substance  enclosed  much  free 
sodium,  aud  had  a  black  colour.  It  ^^'as  spread  out  and 
exposed  to  air,  and  in  about  a  month  was  all  of  the  same 
yellow  colour.  This  oil  was  Avashed  with  water  for  some 
days  to  free  it  from  picoline  ;  when  the  smell  of  that  base 
was  no  longer  perceptible,  a  quantity  of  the  oil  was  dissolved 
in  hydrochloric  acid  ;  on  addition  of  platinum  chloride,  a 
light  buff-coloured  precipitate,  came  down,  which,  under  the 
microscope,  Avas  seen  to  consist  of  t^vo  different  varieties  of 
crystals.     On  ignition,  it  left  27"04  per  cent,  of  platinum, 
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M^liercas  a  salt  of  the  formula  C12  H^  Ng  2HC1  PtCl4,  would 
contain  33"05  per  cent.  It  is  evident  that  the  oil  consists  of 
two  substances  ;  and  I  am  at  present  engaged  in  ett'ecting 
their  separation,  as  one  of  these  only  volatizes  with  water- 
vapour.  I  hope  ere  long  to  be  able  to  communicate  the 
results  of  some  experiments  with  this  curious  body. 

Pht/siolo(j'H-al  Action.  —  In  conjunction  with  Professor 
McKendrick,  the  i)hysiological  action  of  several  substances 
described  in  this  Journal  for  October  187(5,  and  in  this  paper, 
have  been  ascertained.  The  results  will  form  the  subject  of 
a  more  extended  memoir  ;  I  shall  give  here,  however,  a  short 
sketch  of  their  action.  Pyridine,  picoline,  lutidine,  and 
their  salts  have  a  very  slight  action,  apparently  producing 
drowsiness.  The  methyl  iodides  of  these  bases  are  intense 
irritants  to  the  cerebral  centres,  and  produce  paralysis  of  the 
fore  limbs.  The  action  is  of  the  same  kind,  but  even  more 
intense,  with  ethyl  and  allyl  derivatives.  Dipyridine  and 
dipicoline  produce  the  same  effect,  but  even  more  strongly ; 
and  Avhen  combined  Avith  methyl  or  ethyl  iodide  they  are 
fearful  poisons. 

The  ammonium  salt  of  dicarbopyridenic  acid  proved  to  be  a 
tremendous  excitant,  producing  fits  resembling  epilepsy ; 
curiously,  its  methyl  ether  had  no  appreciable  effect.  The 
general  law  appears  to  be  that  the  more  complicated  the  body 
the  more  energetic  its  action ;  but  the  effect  also  depends 
largely  on  the  s])ecific  character  of  each  substance. 

XXXIII.  On  tlie  Diameter  of  the  ^Yire  to  he  e)nploi/edin  icind- 
ing  an  Electromagnet  in  order  to  jjroduce  the  Maximum  Mag- 
netic Effect.     By  R.  S.  Bkough  *. 

IN  18(3G  Mr.  Schwendler  investigated  the  best  galvanometer 
resistance  to  employ  in  testing  with  Wheatstonc's  bridge, 
a  question  which  was  previously  involved  in  complete  obscu- 
rity, some  physicists  arguing  that,  since  near  balance  the  cur- 
rent passing  through  the  galvanometer  approaches  the  indefi- 
nitely small,  therefore  the  number  of  convolutions,  and  hence 
the  resistance  of  the  gah'anometer  ought  to  be  indefinitely 
great  f. 

I  may  here  remark  that  Count  du  Moncel,  in  a  communica- 
tion to  the  Academy  of  Sciences,  has  unjustly  criticised 
Mr.  Schwendler's  method  of  treating  the  subject  of  elcctro- 

*  Bead  before  the  Asiatic  Society  of  Bengal  on  the  Gth  of  April,  187", 
and  communicated  by  the  Author. 
t  Philosophical  Magazine,  May  18U6. 
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magnets*.  The  latter  supposed  the  dimensions  of  the  bobbins 
(as  I  also  do  in  this  paper)  to  be  given,  fixed,  and  immutable  ; 
Avhile  the  learned  Count  starts  with  varying  the  depth  of  the 
bobbin,  and  piques  himself  on  getting  a  larger  magnetic  effect 
out  of  it  than  Mr.  Schwendler  did.  The  best  thickness  of  wire 
to  wind  on  a  given  bobbin,  and  the  best  size  and  shape  of  bob- 
bin to  employ  for  a  given  purpose,  are  two  totally  distinct 
questions. 

While  investigating  the  above  jw'oblem,  the  question  of  the 
influence  of  the  insulatino;  coverino-  of  the  wire  on  the  results 
occurred  to  Mr.  Schwendler  ;  and  he  went  into  it  in  a  subse- 
quent paper t. 

Mr.  Schwendler  attacked  the  problem  from  the  point  of  view 
of  the  resistance  of  the  bobbin;  but  it  seems  to  me  that  it 
yields  more  readily  and  presents  a  more  definite  result  (the 
former  method  gives  an  equation  of  the  fourth  order,  which 
has  to  be  solved  by  a  rather  coarse  approximation)  when  we 
start  from  the  thickness  of  the  wire.  This  method  has  also 
led  me  to  a  singularly  simple  relation  existing  between  the 
resistance  of  the  electromagnet  and  the  external  resistance. 

I  shall  take  the  case  of  an  elongated  bobbin  with  straight 
sides  and  circular  ends,  because  this  is  a  very  common  form 
to  give  to  galvanometer-coils,  and  because  the  results  can  at 
once  be  reduced  to  those  applicable  to  circular  bobbins  by 
simply  putting  the  length  of  the  sides  equal  to  nothing  in  the 
various  expressions. 

Let  Y  =  the  magnetic  effect  of  the  bobbin, 
E,  =  the  resistance  of  the  bobbin, 
S  =  the  external  resistance, 
E  =  electromotive  force  of  the  battery, 
and       n  =  the  number  of  convolutions. 


Then  (Jacobi  and  Dub) 

Y= 


lE 


R  +  S' 


and  the  problem  is  to  make  Y  a  maxinuim|,  treating  the  dia- 
meter of  the  wire  with  which  the  bobbin  is  wound  as  the  inde- 
pendent variable,  of  which  n  and  R  are  known  functions. 

•   Compies  Jiendus,  vol.  Ixxvl.  pp.  3G8-.371. 

t  Philosophical  INIag'azine,  January  1807. 

X  The  force  exerted  by  a  coil  on  a  steel  magnet  is  proportional  to  Y, 
whereas  the  force  exerted  on  a  soft-iron  armature  is  proportional  to  Y^ ; 
but  whatever  value  of  the  variable  makes  Y  a  maximum  will  also  make 
Y-  a  maximum ;  so  the  one  solution  meets  both  cases. 
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Let  A  =  the  outer  diameter  of  the  circular  ends, 
a  =  the  inner  „  „  „ 

h   =  the  lengtli  of  the  bobbin, 
c    =  the  leno-th  of  the  straight  sides  between  the  cir- 

cular  ends, 
S   =  the  diameter  of  the  wire, 

p   =  the  radial  thickness  of  the  insulating  covering, 
and      L  =  the  length  of  the  wire  on  the  bol)bin. 

Then 


n- 


2(8  +  2py^ 


for  each  wire  being  allowed  a  square,  the  length  of  whose  sides 
is  equal  to  the  diameter  of  the  covered  wire  ;  and 

b(A-a)    C'rr{A  +  a)  I 

But 

where  \  is  the  specific  resistance  of  the  conducting  material  of 
the  wire,  i.  e.  the  resistance  between  opposite  faces  of  the  unit 
cube  of  the  conducting  material.     Therefore 


i^=.^^Sh-(a+'0+4.j. 


We  had 

Tut 

then 


Y= 


nE 

K  +  !S" 


6=  Y' 

\  n       n  )  Jli 


and  it  is  required  to  make  Q  a  minimum  with  respect  to  S. 
Now 

iW      /      X    ,    ,,       -,     ,  ,      (S  +  2p)''S\  4 
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and 

W^  =  (^^  \<^  +  ^')  +  ^''\  +  KA— «))  E  • 
Putting 

we  have 

which  equation  expresses   implicitly  the   value   of  S    which 
makes  the  magnetic  effect  a  maximum. 

Let  us  put  ^=y"';  then 

This  expression  for  S  contains  fi,  itself  a  function  of  5 ;  but 
a  very  simple  artifice  sufiices  to  get  over  this  difficulty.  First 
suppose  /i  =  0,  and  solve  the  equation;  the  result  will  be  an 
approximate  value  of  8,  namely  that  which  it  would  have  Avere 
there  no  insulating  covering  to  the  wire. 

Then,  employing  this  approximate  value  of  S,  calculate  /*=  ^, 

and  recalculate  the  value  of  S,  using  this  value  of  /u.. 

By  repeating  this  process,  which  involves  very  little  trouble 
if  logarithms  be  employed,  any  desired  degree  of  accuracy 
may  be  attained. 

From  the  above  expression  for  8  we  see  that,  so  long  as  fj, 
is  not  =  0,  the  diameter  of  the  wire  (without  its  covering)  will 
always  be  less  than  it  would  be  were  there  no  insulathig  co- 
vering. 

The  expression  for  the  resistance  of  the  bobbin  may  be 
written 

T,        \h{K—a)    .  , 

^=  -^HM^^Y  <^^^  +  '^O + 44 ; 

and  supplying  its  value  for  S^,  wo  find 

from  which  it  is  seen  that,  so   long  as   .u  is    not  =   0,  the 
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resistance  of  the  bobbin  must  always  be  less  than  the  external 
resistance.     Putting  ^  for  fi,  we  have 

which  expresses  the  physical  law,  namely  that 

resistance  of  bobbin  _    diameter  of  bare  wire 

external  resistance       diameter  of  covered  wire 

Alipore,  Calcutta, 
July  31,  1877. 


XXXIV,    On  Chemical  Classijication.     Bi/  M.  M.  Pattison 

MuiR,  F.R.S.E.,   Assistant   Lecturer   on   Chemist ri/,    The 

Otcens  College,  Manchester. 

[Concluded  from  p.  20(3.] 
27.  Q  0  far  us  actual  experiments,  taken  in  conjunction  with 
^  the  theory  of  valency  and  that  of  atom-linking,  allow 
us  to  judge,  it  would  appear  that  there  is  a  close  connexion 
between  the  valency  of  the  atoms  constituting  a  compound  and 
the  general  properties,  chemical  as  well  as  j)hysical,  of  that 
compound,  but  that  the  position  of  the  atom  in  the  molecule 
also  influences  the  character  of  the  molecule.  On  this  view  it 
will  be  i)ossiblo  to  regard  the  properties  of  a  compound  as  func- 
tions (1)  of  the  nature  of  the  constitu(mt  atoms,  and  (2)  of  the 
manner  in  which  these  atoms  are  linked  together.  By  the 
word  "nature,"  as  here  used,  is  to  be  understood  all  those 
properties  (atomic  weight,  density,  valency,  &c.  &c.)  Avhicharo 
inherent  in  the  atom  considered  as  an  individual  existence. 

This  view  has  much  to  recommend  it,  but  as  yet  it  can 
only  be  regarded  as  a  good  working  hypothesis  ;  adopting  it 
as  such,  lines  of  work  may  be  marked  out,  along  which  the 
researches  of  chemists  may  proceed  for  many  years  to  come. 
We  shall  first  require  careful  researches  into  the  "  nature  "  of 
the  chemical  atoms ;  this  is  an  iimncnse  field.  We  shall  then 
have  another  wide  field  for  research  in  the  circumstances 
which  condition  the  valency  of  the  atoms.  The  connexion  be- 
tween physical  properties  and  valency,  and  many  other  ques- 
tions, will  be  included  in  these  two  main  lines  of  research. 
But  while  working  in  these  directions  in  the  past,  and,  1 
doubt  not,  while  working  in  these  directions  in  the  future, 
chemists  have  ever  and  anon  found  the  question.  What  is 
chemical  energy?  what  do  we  mean  by  chemical  affinity? 

Phil.  Mag.  S.  5.  Vol.  4.  No.  25.  Oct.  1877.  S 
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confronting  them.  I  have  almost  ignored  this  question  in 
the  preceding  paragraphs  of  this  paper.  Our  knowledge  of 
chemical  action  considered  as  a  form  of  energy,  is  as  yet 
almost  nil.  For  the  purposes  of  study  it  seems  better  to  keep 
separate  the  questions,  What  is  the  structure  of  this  or  that 
body  ?  and  Whi/  is  the  structure  as  it  is  ?  The  first  question 
relates  to  chemical  statics,  the  second  to  chemical  kinetics. 
The  greater  part  of  the  labours  of  chemists  has  hitherto  been 
devoted  to  attempting  an  answer  to  the  first  question.  They 
have  made  some  progress  in  the  attempt ;  but  there  remains 
much  to  be  done.  When  they  shall  have  fully  answered  both 
questions,  the  science  of  chemistry  will  be  complete.  But  that 
whe7i  is  a  long  time  off.  Nevertheless,  of  each  question  it 
may  be  said,  in  the  words  of  Lothar  Meyer,  "  dass  ihre  Er- 
forschunfT  nicht  nur  moo-lich  ist,  sondern  auch  eine  ausseror- 
dentlich  dankbare  Aufgabe  flir  den  menschlichen  Forscher- 
geist  bildet "  *. 

28.  I  have  thus  endeavoured  to  give  some  kind  of  answer 
to  the  questions  proposed  at  the  close  of  paragraph  11,  con- 
cerning the  utility  of  that  system  of  classification  which  is 
mainly  founded  upon  the  valency  of  the  elementary  atoms. 
This  system  does  not,  as  yet,  give  us  "  a  means  for  definitely 
settling  the  characteristics  of  each  class  ;"  it  does  not  enable 
us,  as  yet,  "to  mark  off" class  from  class  ;"  we  cannot,  as  yet, 
"  by  its  aid,  correlate  the  leading  characteristics  of  each  class 
with  the  valency  of  the  elementary  atoms;"  nor  can  we,  as 
yet,  "  show  a  clear  connexion  between  valency  and  chemico- 
physical  properties  of  elements  and  compounds."  A  classifi- 
cation which  might  now  be  founded  upon  the  valency  of  the 
elementary  atoms  would  not  fulfil  the  tests  of  a  good  system, 
as  laid  down  in  the  first  paragraph  of  the  present  paper. 
Nevertheless  I  think  that  I  have  succeeded  in  showing  (or 
if  I  have  foiled,  I  think  that  the  failure  is  due  to  want  of 
clearness  or  of  knowledge  on  my  part,  not  to  a  deficiency  in 
the  facts  themselves)  that  in  the  theory  of  valency,  and  in 
those  subsidiary  theories  Avhich  are  outcomes  from  it,  we 
have  a  principle  which  is  guiding  research  in  directions  in 
which  A'aluable  results  have  been  already  obtained,  and  in 
which  we  may  confidently  hope  for  yet  better  results  in  the 
future.  I  hope  I  have  succeeded  in  establishing  a  large  pro- 
bability in  favour  of  the  belief  that  this  principle  will  be  one 
of  the  main  foundations  upon  which  a  complete  system  of 
chemical  classification  will  some  day  be  raised  ;  and  at  the 
same  time  I  trust  I  have  not  altogether  failed  in  representing 
*  Die  modcrnen  Thcorien,  2nd  ccl.  p.  140. 
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the  difficulties  which  have  yet  to  be  overcome  before  this 
consummation  is  attained,  and  the  dangers  into  which  we  run 
by  rashly  pushing  to  extremes  deductions  made  from  an 
hypothesis  which  is  now  Ijut  in  its  infancy. 

2y.  Part  of  the  general  problem  presented  to  the  chemist 
of  to-day  is  to  trace  the  connexion  which  should  exist  (if  the 
theory  of  valency  be  a  true  theory)  between  the  properties  of 
chemical  compounds  and  the  "  nature  "  of  their  constituent 
atoms.  In  other  words,  the  chemist  is  to  examine  the  nature 
of  the  elementary  atoms ;  he  is  to  determine,  with  the  greatest 
possible  care,  the  physical  and  chemical  constants  of  these 
atoms ;  he  is  then  to  endeavour  to  arrange  them  in  groups, 
and  he  is  to  trace  the  influence  of  the  individual  atoms  in 
conditioning  the  properties  of  their  compounds.  Turning, 
then,  to  the  second  part  of  the  problem,  the  chemist  is 
to  pursue  the  inquiries  already  made  into  the  structure 
of  compounds ;  he  is  to  endeavour  to  determine  how  the 
atoms  are  linked  together  in  compounds,  and  he  is  to  at- 
tempt to  correlate  this  structure  with  the  general  properties 
of  the  compounds.  He  is  then  to  combine  both  methods,  and 
to  ascertain,  if  possible,  in  what  way  the  influence  of  the 
"  nature  "  of  the  atoms  is  itself  influenced  by  the  linking  c . 
these  atoms.  He  is  then  to  study  the  transformations  of 
energy  which  doubtless  accompany  all  changes  of  structure  ; 
he  is  to  inquire  into  the  nature  of  chemical  energy  itself; 
and,  finally,  he  is  to  combine  the  results  of  all  his  researches, 
and,  aided  by  the  laws  of  number  and  of  space,  he  is  to  frame 
a  complete  system  of  chemical  classification. 

Now  it  is  only  within  very  recent  years  that  that  part  of 
the  general  problem  which  deals  with  the  connexion  between 
the  nature  of  chemical  atoms  and  the  pro})erties  of  chemical 
compounds  has  received  any  careful  investigation.  In  the 
remaining  paragraphs  of  this  paper  I  propose  to  give  a  brief 
sketch  of  what  has  been  done  in  this  direction. 

30.  Attempts  have  from  time  to  time  been  made,  through- 
out the  preceding  fifty  or  sixty  years,  to  trace  some  connexion 
between  the  atomic  Aveights  of  groups  of  elements  and  the 
general  properties  of  the  elements  and  their  compounds. 

Prout's  hypothesis,  advanced  soon  after  the  enunciation  of 
the  atomic  theory  by  Dalton,  is  >\ell  known.  The  researches 
of  Berzelius,  of  Marignac,  and  of  Stas,  showed  that  the  hjv^po- 
thesis  of  Prout,  in  its  original  form  at  least,  was  untenable. 
Gmelin,  in  the  3rd  and  subsequent  editions  of  his  Handbook, 
drew  attention  to  regularities  in  the  increase  and  decrease  of 
the  atomic  weights  of  analogous  eleinents.  Dumas,  Glad- 
ys 2 
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stone,  Cooke,  Kremers,  Pettenkofer,  Odling,  Newlands,  and 
others  extended  the  observed  points  of  connexion  between 
the  atomic  weights  of  the  elements  and  their  leading  pro- 
perties *. 

But  it  is  especially  to  MendelejefFf  that  we  owe  a  syste- 
matic attempt  to  correlate  the  leading  properties,  physical 
and  chemical,  of  the  elements  with  the  atomic  weights  of 
these  elements. 

Lothar  Meyer  J  has  also  made  important  contributions  to 
the  same  subject :  and  in  his  Modernen  Theorien  he  has 
gathered  together  most  of  the  facts  which  have  been  as  yet 
established  concerning  the  relations  between  atomic  Aveights 
and  properties  of  elementary  substances. 

31.  The  researches  alluded  to  in  the  preceding  paragraph 
allow  us  to  say  that  a  very  large  degree  of  probability  has 
been  established  in  favour  of  the  hjy'pothesis  that  the  nature 
of  the  chemical  elements  is  a  periodic  function  of  their  atomic 
Aveights. 

"  Wo  may  define  a  periodic  phenomenon  as  one  which, 
with  the  constant  and  uniform  change  of  the  variable,  returns 
time  after  time  to  the  same  value"  §. 

In  the  case  before  us  we  have  as  "variable  "  "atomic  weight;" 
as  "  variant  "  we  have  the  "  nature  of  the  chemical  atom."  In 
the  present  state  of  our  knowledge  we  cannot  define  this  variant 
with  accuracy  :  hence  it  is  not  as  yet  possible,  granting  that 
the  "nature  of  the  chemical  atom  "  is  a  periodic  function  of  the 
relative  weight  of  that  atom,  to  state  quantitatively  the  nature 
of  this  function.  Nevertheless  it  may  be  possible  to  establish 
roughly  that  the  general  nature  of  the  atom  does  vary  perio- 
dically with  the  relative  weight  of  the  atom.  It  is  necessary 
to  break  up  the  quantity  "nature  of  the  chemical  atom,"  and 
to  endeavour  to  show  that  such  phenomena  as  specific  volume, 
malleability,  ductility,  electric  position,  power  of  forming 
oxides,  of  forming  chlorides,  &c.  &c.  are  really  periodic 
functions  of  the  atomic  weights  of  the  elementary  atoms. 

As  I  attempted  to  trace  a  connexion  between  physical  pro- 
perties of  compounds  on  the  one  hand  and  chemical  properties 
on  the  other,  and  the  composition  or  structure  of  these 
compounds,  so  now  would  I  endeavour  to  gather  together  a 
few  of  the  facts  which  show  that  the  physical  properties  of 
the   elementary  Ijodies    vary   periodically   with    the   atomic 

•  See  Jaln-esherichte  for  1851  to  1865. 

t  Aim.  Chein.  Phann.  >SiippL  Bd.  viii.p.  133. 

X  Ami.  Chcm. Pharm. SuppLVA.  v.  p.  129,  aud  Suppl.  ]3d.  vii.  p.  354,  &c. 

5  Principles  of  Science,  vol.  ii.  p.  01. 
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weights  of  these  bodies,  and  also  that  the  chemical  properties 
vary  in  the  same  manner. 

32.  If  the  specific  volumes  of  the  elements  in  the  solid 
state  (that  is,  the  volumes  occupied  by  masses  proportional  to 
the  atomic  Aveights  of  the  elements)  be  arranged  in  order, 
beginning  Avith  that  element  which  has  the  smallest  atomic 
weight,  anil  if  these  numbers  be  compared  with  the  atomic 
weights  of  the  elements  so  arranged,  it  will  bo  seen  that  the 
former  numbers  increase  and  decrease  periodically  with  the 
latter.  Lothar  Me^'cr  has  represented  this  fact  grapliieally  in 
the  form  of  a  curve.  In  the  tabic  annexed  to  the  Modernen 
Theorien  the  atomic  weights  of  those  elements  which  exist  at 
ordinary  temperatures,  or  which  can  be  obtained,  in  the  solid 
state,  are  laid  off  in  a  horizontal  line  ;  vertical  lines,  repre- 
senting the  specific  or  atomic  volumes  of  these  elements,  are 
also  laid  off;  and  a  curve  is  drawn  through  the  extremities  of 
the  latter  lines.  By  noting  some  of  the  leading  physical 
properties  of  the  elements  on  this  curve,  Meyer  shows  to  the 
eye  the  periodic  nature  of  the  connexion  between  the  atomic 
weights  of  these  elements  and  those  properties.  For  instance, 
the  atomic  volume  decreases  from  lithium  through  beryllium, 
and  reaches  a  minimum  in  boron,  from  Avhich  it  again  in- 
creases through  carbon,  oxygen,  and  fluorine  *,  to  sodium ; 
the  curve  then  passes  downwards  through  magnesium  to 
aluminium,  where  it  again  turns,  and  after  passing  through 
silicon,  phosphorus,  sulphur,  and  chlorine,  reaches  a  second 
maximum  in  potassium,  and  so  on.  Lithium,  sodium,  potas- 
sium, rubidium,  and  probably  ca?sium,  mark  maxima  in  the 
curve  of  atomic  volume.  Boron,  aluminium,  cobalt,  and 
nickel,  rhodium,  &c.,  mark  minima  in  this  curve. 

The  curve  of  atomic  volumes  shows  also  that  elements  with 
equal  or  nearly  equal  atomic  volumes  are  possessed  of  very 
different  properties,  according  as  the  element  having  the  next 
greater  atomic  weight  has  a  greater  or  a  smaller  atomic  vo- 
knne  than  that  of  the  element  in  question.  In  other  words, 
that  if  two  elements  have  equal  atomic  volumes,  but  if  one  be 
situated  on  an  ascending  portion  of  the  curve,  its  properties 
are  very  different  from  those  of  the  other  situated  on  a  de- 
scending portion  of  the  curve. 

The  more  ductile  metals  are  situated  at  the  maximum  and 
minimum  points  of  the  curve,  or  immediately  follow  the 
elements  which  are  situated  at  these  points.     The  more  brittlo 

*  For  tlio  method  by  whicli  Meyer  Las  made  probable  determinations 
of  tlie  atomic  volumes  of  these  elements,  as  also  of  hydrogen  in  the  solid 
state,  see  An».  Chem.  Pharm.  Suppl.  Bd.  v.  p.  120  ctscq. 
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metals  are  situated  on  the  ascending  portions  of  the  curve,  at 
no  great  distance  from  the  points  at  which  the  minima  are 
reached.  An  element  whose  atomic  volume  is  greater  than 
that  of  the  element  with  the  next  smaller  atomic  weight  is 
generally  comparatively  easily  fusible,  while  an  element 
having  a  smaller  atomic  volume  than  that  of  the  element  next 
below  it  in  order  of  atomic  weight,  is  fusible  only  with  diffi- 
culty. The  same  relation  holds  between  atomic  volume  and 
volatility  of  the  elements.  The  ductile  metals,  whose  position 
on  the  curve  is  at,  or  very  near  to,  a  maximum  or  minimum 
point,  crystallize,  as  a  rule,  in  the  regular  system  ;  those  ele- 
ments which  are  more  brittle  and  more  volatile,  and  are 
situated  on  ascending  portions  of  the  curve,  crystallize  for 
the  most  part  in  systems  other  than  the  regular. 

The  more  volatile  elements,  which  are  placed  on  ascending 
portions  of  the  curve,  generally  possess  a  greater  coefficient 
of  expansion  by  heat  than  those  more  fixed  elements  found  at 
the  minimum  points  of  the  curve.  What  we  know  concerning 
the  refraction-indices  of  elementary  bodies  points  to  a  periodic 
connexion  between  these  numbers  and  the  atomic  weights  of 
the  same  elements  ;  but  our  knowledge  is  as  yet  too  limited 
to  allow  of  any  thing  more  than  a  general  statement  of  such  a 
connexion.  The  specific  heats  of  the  elements  appear  to  bear 
some  relation,  not  only  to  the  atomic  weights,  but  also  to  the 
atomic  volumes  of  the  elements.  It  would  appear  as  if  a  cer- 
tain magnitude  must  be  attained  by  the  atomic  volumes  of 
those  elements  which  have  small  atomic  weights  before  the 
law  of  Diilong  and  Petit  is  obeyed. 

That  the  conductivity  for  heat  and  for  electricity  of  metals 
varies  periodically  with  their  atomic  weights  is  also  apparent 
from  a  study  of  these  three  quantities. 

The  facts  which  I  have  now  stated  evidently  point  to  a  close 
connexion  between  atomic  weight  and  general  physical  proper- 
ties of  the  elements.  The  atomic  weight  may  be  regarded  as  a 
variable,  and  the  physical  constants  of  the  elements  as  variants. 
Physical  phenomena,  says  Meyer,  must  probably  be  regarded  as 
functions,  not  only  of  space,  of  time,  &c.,  but  also  as  functions 
of  the  atomic  weights  of  the  elements  exhibiting  these  ])heno- 
mena,  or  of  the  elements  constituting  the  compound  bodies 
which  exhibit  these  phenomena.  Such  a  consideration  offers 
a  wide  field  for  future  physical  determinations  ;  it  also  de- 
mands more  exact  atomic-weight  determinations  than  have  yet 
been  made  for  many  of  the  elements. 

The  elements  may  be  roughly  arranged  in  an  electric  series', 
wherein  some  are  jnore  positive,  some  more  negative  than 
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others.  Now  it  is  found  that  in  the  second  and  third  sec- 
tions of  the  curve  of  atomic  vohiincs  (that  is,  in  those  sections 
situated  between  tlie  maxima  litliium  and  sodium,  and  sodium 
and  potassium)  the  elements  situated  on  the  descending  por- 
tions of  the  curve  are  electro-positive,  while  those  on  the 
ascending  portions  are  electro-negative.  In  the  fourth,  fifth, 
and  sixth  sections — the  maxima  being  potassium  and  rubi- 
dium, rubidium  and  caesium,  and  caBsiura  and  bismuth — wo 
find  on  (!ach  descending  portion,  first  a  set  of  electro-positive 
elements,  then  a  set  of  electro-negative  elements;  then  ascend- 
ing towards  the  next  maximum  point,  we  have  first  electro- 
positive, and  tlien  electro-negative  elements.  But  the  electro- 
positive or  negative  character  of  those  elements  which  are 
situated  near  a  maximum  point  of  the  curve,  is  found  to  be 
much  more  marked,  as  a  rule,  than  the  electro-positive  or 
negative  character  of  those  elements  which  are  situated  near 
a  minimum  point  of  the  curve.  Thus,  in  the  fourth  section 
of  the  curve,  i)otassium  and  calcium  are  the  electro-positive 
elements  placed  at  and  next  to  the  maxinuun  point  ;  nickel 
and  cobalt,  coppcn*  and  zinc,  are  the  electro-positive  elements 
placed  at  and  immediately  after  the  minimum  point.  Now 
the  electro-positive  character  is  much  more  marked  in  the  case 
of  potassium  and  calcium  than  in  that  of  cobalt,  nickel,  copper, 
and  zinc. 

It  would  aj)pear,  then,  that  a  well-marked  positive  or  nega- 
tive character  is  only  possessed  by  those  metals  which  have 
comparatively  large  atomic  volumes  ;  or,  as  it  is  expressed  by 
Meyer,  "  the  aggregation  of  a  large  mass  in  a  small  space 
appears  incompatible  with  the  development  of  a  marked  posi- 
tive or  negative  character."  A  closer  inspection  of  the  ])osi- 
tion  of  the  various  elements  in  relation  to  their  electro-positive 
or  negative  character  shows  that  this  character  is  much  in- 
fluenced, not  only  by  the  atomic  volume  of  the  individual  ele- 
ment, but  also  by  the  manner  in  which  the  atomic  volume 
changes  from  element  to  element.  The  electro-positive  ele- 
ments which  are  situated  near  a  maximum  point  on  the 
curve,  and  between  whose  atomic  volumes  there  is  a  com- 
paratively largo  difference,  are  more  electro-positive  in  cha- 
racter than  those  situated  near  a  second  maximum  point  but 
possessed  of  atomic  volumes  between  which  there  is  a  com- 
paratively small  dift'erence. 

Again,  it  is  evident  that  the  absolute  magnitude  of  the 
atomic  weight  influences  the  positive  or  negative  character  of 
the  elements.  Thus,  in  the  third  section  of  the  curve,  on  the 
ascending  portion  are  found  phosphorus,  sulphur,  and  chlo- 
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nne,  \n1ikL  lue  very  CiCctro-negative  elements,  forming  ■well- 
marked  oxyacids.  In  the  fourth  section,  on  the  ascending 
portion  of  the  curve  are  found  arsenic,  selenium,  and  bro- 
mine, also  well  marked  electro-negative  elements,  forming 
oxyacids.  In  the  fifth  section,  similarly  placed  to  the  pre- 
ceding are  tin,  antimony,  and  iodine,  which  are  again  electro- 
negative, although  to  a  less  marked  extent  than  either  of  the 
preceding  groups  of  three.  In  the  sixth  section  lead  and 
bismuth  occupy  analogous  j^ositions  to  those  occupied  by 
antimony  and  iodine  in  section  five ;  but  lead  and  bismuth  are 
possessed  of  but  ill-defined  negative  characters.  Now  the 
differences  between  the  atomic  volumes  of  phosphorus,  sul- 
phur, and  chlorine,  especially  between  those  of  sulphur  and 
chlorine,  are  considerable  ;  but  so  are  the  differences  between 
the  atomic  volumes  of  arsenic,  selenium,  and  bromine,  espe- 
cially between  those  of  the  two  latter  elements.  In  this  case, 
then,  it  would  appear  as  if  the  less-marked  negative  character 
were  to  be  traced  to  the  larger  atomic  weights  of  the  three 
elements  as  compared  with  those  of  the  preceding  three.  It 
is  also  to  be  remarked  that,  while  the  Avhole  of  the  elements  in 
that  period  which  includes  phosphorus,  sulphur,  and  chlorine 
are  divided  into  but  two  groups,  one  of  which  is  positive  and 
the  other  negative,  in  the  period  which  includes  arsenic, 
selenium,  and  bromine  there  are  four  groups — first  a  positive, 
then  a  negative,  then  again  a  positive,  succeeded  finally  by  a 
negative  group.  The  three  elements  in  question  are  situated 
in  the  last  negative  group.  A^ery  probably  the  double  change 
influences  the  properties  of  the  whole  of  the  elements  in  the 
complete  period.  The  same  considerations  may  be  applied  to 
the  case  of  tin,  antimony,  and  iodine.  The  differences  be- 
tween the  atomic  volumes  are  here  smaller  than  in  the  two 
series  we  have  just  considered ;  the  atomic  weights  of  the 
elements  are  larger  ;  and  the  elements  form  the  second  group 
of  negative  elements  within  one  period.  The  negative  pro- 
perties of  these  elements  are  not  so  well  marked  as  those  of 
either  of  the  preceding  groups  of  three  which  we  have  men- 
tioned. In  the  case  of  lead  and  bismuth,  we  have  two  ele- 
ments situated  somewhat  similarly  with  antimony  and  iodine ; 
but  the  difference  between  the  atomic  volumes  of  the  two 
former  is  much  less  than  that  between  the  atomic  volumes  of 
the  two  latter  ;  the  atomic  weights  of  lead  and  bismuth  are 
very  large  ;  these  elements  occupy  a  position  in  the  ])oriod 
succeeding  the  electro-positive  elements  mercury,  thallium, 
&c.,  which  again  succeed  the  negative  elements  tantalum  and 
tungsten.      Now  the  negative    character  of  bismuth  is  ex- 
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treniely  slight.  I  have  shown,  in  papers  communicated  to 
the  Chemical  Sociel y,  that  the  hydrates  of  this  element  are 
possessed  of  no  acid  properties.  And  this  is  what  we  should 
expect  from  a  consideration  of  the  position  of  bismuth  in  the 
periodic  curve  of  Meyer.  Further,  the  curve  of  the  sixth 
section  is  almost  certainly  incomplete ;  there  is  a  great  gap 
between  barium  and  tantalum.  The  determinations  of  the 
atomic  weights  of  many  members  of  this  section  also  stand  in 
much  need  of  revisal.  The  next  metal  after  bismuth,  in  order 
of  atomic  weight,  is  uranium  (that  is,  if  the  number  240  be 
adopted  for  this  metal).  But  the  atomic  volume  of  uranium 
places  it  much  below  bismuth  on  the  curve.  Is  it  not,  then, 
very  probable  that  a  new  element,  or  elements,  is  yet  to  be  dis- 
covered with  high  atomic  Aveight  and  comparatively  low  specific 
gravity,  which  will  complete  the  section,  the  maximum  point  of 
which  we  can  scarcely  regard  as  occupied  by  bismuth  ? 

The  electro-positive  or  negative  character  of  an  clement 
is  evidently  closely  related  to  its  general  chemical  deportment. 
Mendelejetf  has  shown  that,  if  the  elements  bo  arranged  in 
the  ascending  order  of  their  atomic  Aveights,  the  power  of 
combining  with  ox}'gen  possessed  by  the  elements  varies 
periodically  with  the  atomic  weight. 

If  the  formula;  of  the  oxides  be  represented  as  containing 
two  .atoms  of  the  element  other  than  oxygen,  then  avc  find 
that,  as  the  atomic  weight  increases,  the  amount  of  oxygen 
fixed  increases  by  whole  atoms,  but  that  no  element  is  ca})able 
of  fixing  more  than  eight  atoms  of  oxygen  to  two  atoms  of  itself. 

Analogous  periodic  connexion  may  be  traced  between  the 
atomic  weights,  the  hydrides  (or  ethides),  and  hydrates  of 
the  elements,  also  between  the  atomic  weights,  oxides,  and 
chlorides  of  the  elements  *. 

The  fact  that  the  chlorides  corresponding  to  certain  oxides 
are  unknown  is  one  of  considerable  interest.  Taking  the 
nitrogen  group  of  elements,  for  instance,  we  have  the  follow- 
ing oxides  and  chlorides.  (These  formula)  arc  not  regarded 
as  representing  molecular  weights.) 

Oxides. 
N2O         N2O2         N2O3 

-  -  P2O3 

-  V0O2         V2O3 
AS2  0  (?)      —  AS2  O3 


Nb2  02(?) 


Sb.,  0, 


N20, 

N2O, 

— 

P2O5 

V20, 

V2O, 

AS2O, 

Nb2  0, 

Nb2  05 

Sb2  O4 

Sb2  05 

Ta2  04 

Ta2  05 

Bi2  0, 

Bi2  O5 

Bis  O2       Bis  O3 
See  Die  inodcnien  Thcoriaij  2ud  edit,  pp.  330-334. 
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Chlorides. 

—  —  NCl3(?)     -  - 

—  -  PCIa  -  PCJ5 

—  VOL       VCI3        VC],  — 

—  —  AsCla  -  — 
_  _              _  —  NbCla 

—  —  SbCls  —  SbCl, 

—  -             -  -  TaCl, 

—  BiCla      BiCla  —  — 

Each  of  these  elements  forms  an  oxide  X2  O5 ;  but  these  oxides 
are  possessed  of  different  degrees  of  stability,  of  fusibility,  &c. 
N2O5  is  possessed  of  no  great  stability;  it  melts  at  a  low  tem- 
perature. P2  O5  sublimes  unchanged  at  a  red  heat,  but  is 
entirely  deoxidized  by  heating  with  carbon.  V2  O5  is  also 
easily  reduced  by  heating  in  hydrogen,  or  in  contact  with 
carbon ;  it  melts  at  a  high  temperature  without  decomposition. 
As2  O5  is  reduced  to  Ass  O3  by  heat  alone.  Sbg  O5  is  also 
reduced  by  heating  ;  and  Big  O5  loses  oxygen  at  150°.  On  the 
other  hand,  Nbg  O5  and  Taj  O5  neither  melt  nor  volatilize,  nor 
are  they  decomposed  at  a  white  heat.  Niobic  oxide  becomes 
crystalline  at  a  very  high  temperature  ;  this  oxide  is  also 
reduced  by  heating  in  hydrogen,  while  tantalic  oxide  is  only 
reduced  by  contact  with  charcoal  at  a  very  high  temperature. 
Now  these  two  elements,  which  form  the  most  stable  and  the 
least-easily  reducible  pentoxides,  also  form  pcntachlorides 
(NbClg  and  Ta  CI5)  which  are  capable  of  existing  in  the  state 
of  gases.  VCI4  appears  to  be  capable  of  existing  for  a  time  in 
the  gaseous  state.  P  Clg  and  Sb  CI5  are  split  up  into  P  CI3 
and  (JI2,  and  Sb  CI3  and  CI3,  respectively,  when  heated.  BiCls 
does  not  exist. 

Now,  if  we  examine  the  positions  of  these  eight  elements 
upon  the  curve  of  atomic  volumes  and  atomic  weights,  we  find 
certain  points  of  interest.  Nitrogen  is  situated  near  a 
minimum-point ;  it  is  preceded  and  followed  by  electro-nega- 
tive elements  (carbon,  oxygen,  and  fluorine);  the  differences 
between  the  atomic  volumes  of  nitrogen  and  its  immediate 
neighbours  (assuming  Meyer's  numbers  for  the  specific  gravity 
of  solid  nitrogen,  oxygen,  and  fluorine  to  be  approximately 
correct)  are  not  great ;  there  is  no  well-marked  electro-posi- 
tive element  in  the  neighbourhood  of  nitrogen.  Phosphorus 
has  a  somewhat  similar  position  in  the  third  section  of  the 
curve ;  it  is  placed,  however,  further  from  the  minimum- 
point  than  nitrogen ;  and  right  over  against  it,  as  it  were,  is 
the  well-marked  positive  element  magnesium  :  this  clement 
occupies  the  position  on  the  descending  portion  of  the  curve 
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which  phosphorus  does  on  the  ascending.  Arsenic  and  antimony 
hold  positions  respectively  in  the  foiirtli  and  fifth  sections  of  the 
curve,  somewhat  similar  to  those  occui)iod  by  phosphorus  and 
nitrooen.  ]3ut  the  fourth  and  fifth  sectionSj  as  has  been  already 
pointed  out,  comprise  eacli  two  minor  sections  within  itself. 
Arsenic  follows  immediately  upon  a  number  of  well-marked 
positive  elements  (cobalt,  nickel,  copper,  and  zinc).  The 
influence  of  these  appears  to  be  exercised  upon  the  negative 
arsenic.  This  is  even  more  marked  in  the  case  of  antimony. 
This  element  is  innnediately  preceded  by  a  long  list  of  positive 
elements  (rhodium,  palladium,  silver,  cadmium,  and  indium), 
from  which  it  is  only  separated  by  tin :  it  is  followed  by 
iodine.  Bismuth  is  even  more  hemmed  in,  so  to  speak,  by 
positive  metals  ;  the  difference  between  its  atomic  volume  and 
the  volumes  of  its  innnediate  predecessors  in  the  curve  is  not 
•  great ;  and,  so  far  as  we  know,  it  has  no  electro-negative 
element,  such  as  fluorine,  chlorine,  bromine,  or  iodine  (which 
respectively  succeed  nitrogen,  phosphorus,  arsenic,  and  anti- 
mony), coming  after*  it.  The  absolute  increase  in  atomic 
weight  as  we  ascend  from  nitrogen  to  bismuth,  also,  it  would 
appear,  influences  the  power  of  these  elements  to  combine 
with  oxygen  and  to  form  stable  oxides.  The  greater  or  less 
fusibility  of  the  elements  themselves  and  of  their  immediate 
neighbours  must  doutless  also  be  considered.  Nitrogen  is 
surrounded  by  gaseous  elements,  phosphorus  by  those  which 
have  low  melting-points,  arsenic  by  comparatively  easily 
fusible  elements,  antimony  by  elements  which  are  more  fixed, 
and  bismuth  by  elements  of  somewhat  higli  melting-points. 

Now  if  we  turn  to  vanadium,  niobium,  and  tantalum,  we 
find  that  they  are  situated  on  descending  portions  of  the  curve, 
that,  of  the  three,  vanadium  is  nearest  a  minimum-point  and 
nearest  also  to  a  number  of  positive  elements.  There  is  a 
very  considera])le  distance  between  either  niobium  or  tan- 
talum and  a  positive  element ;  and  these  metals  are  further 
protected  on  each  side  by  the  interposition  of  negative 
elements. 

Considering  these  points  (and  others  might  be  adduced), 
there  is  good  ground  for  believing  that  the  behaviour  of  the 
eight  elements  constituting  the  nitrogen  group,  towards 
oxygen  and  chlorine  respectively,  is  closely  connected,  as  a 
periodic  function,  with  the  atomic  Aveights  of  these  elements. 

The  position  of  the  elements  on  the  periodic  curve  is  seen 
to  be  connected  with  the  valency  of  these  elements  as  deduced 
from  a  study  of  their  gaseous  chlorides,  hydrides,  ethides,  &c. 
Thus  the  second  and  third  sections  of  the  curve  are  con- 
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stituted  by  the  elements  which  are  arranged  in  the  following 
tables.  The  elements  are  placed  in  the  ascending  order  of 
their  atomic  weights  ;  and  over  each  is  placed  a  figure  repre- 
senting its  valenc}'-,  so  far  as  that  has  been  with  probability 
ascertained. 

Section  I. 
1.  2.  3.  4.  8.  2.  ]. 

Li  Be  B  C  N  0  F 

Section  II. 
1.  2,  S.  4.  3.  2.  1. 

Na         Mg         Al         Si  P  S  CI 

Considerations  such  as  those  which  were  mentioned  con- 
cerning the  members  of  the  nitrogen  group  may  lead  us  to 
more  determinate  views  concerning  the  valency  of  groups  of 
elements.  The  eight  elements  belonging  to  the  group  in 
question  form  analogous  oxides  (jiXg  Os),  some  of  M'hich  are 
more  stable  than  others.  Does  it  not  appear  very  probable 
that  the  eight  elements  are  really  possessed  of  equal  valency, 
but  that  the  intensity,  or  the  amount,- of  the  chemical  force 
exercised  by  each  is  different  ?  We  must  never  forget  that 
the  valency  of  an  element  and  the  chemical  force  exerted  by 
that  element  are,  in  all  probability,  very  different  quantities. 

If  this  view  be  adopted,  the  members  of  the  nitrogen  group 
must  be  regarded  as  pentads,  and  such  compounds  as  P  CI3, 
Bi  CI3,  &c.  as  unsaturated  compounds.  Whether  this  be 
granted  or  denied,  it  is,  I  think,  evident  that  the  study  of  the 
general  characters  and  analogies  of  compounds  in  the  light 
of  Mendelejeff's  periodic  law  is  calculated  to  throw  consider- 
able light  on  the  general  question  of  unsaturated  compounds. 
(See  par.  16.) 

MendelejefF  has  shown  how  the  elements  may  be  arranged 
in  groups  and  in  series  in  conformity  with  the  gradual 
increase  in  their  atomic  weights.  These  groups  may  be 
again  subdivided,  and  thus  striking  analogies  and  contrasts 
brought  out  between  the  members  of  the  various  groups. 
The  remarks  which  I  have  already  made  illustrate  the  manner 
in  which  such  divisions  may  be  carried  out.  If  the  poAver  of 
forming  oxides,  chlorides,  hydrates,  &:c.  be  a  periodic  func- 
tion of  the  atomic  weights  of  the  elements,  we  shall,  when 
the  nature  of  this  function  has  been  more  studied,  be  in  pos- 
session of  an  instrument  whereby  we  may  be  able  to  arrive  at 
a  knowledge  of  the  chemical  composition  or  structure  of 
groups  of  compounds.  I  have  already  attempted  to  show 
how  a  study  of  the  general  chemical  reactions,  and  of  the 
physical  properties,  of  compounds^  aids  us  in  determining  the 
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structure  of  these  coinpounds.  There  is  little  doubt  that  the 
periodic  law,  Avhcn  it  is  more  fully  developed,  will  be  of 
equal  service. 

The  arrangement  of  all  the  known  elements  in  a  series 
beginning  with  that  clement  which  has  the  smallest  atomic 
weight,  and  regularly  progressing  througli  those  having 
larger  and  larger  atomic  weights,  and  the  connexion  which  is 
thus  shoAvn  to  exist  between  the  positions  of  the  elements 
and  their  general  properties,  lead  us  to  believe  that  there 
are  several  gaps  in  this  series  which  are  yet  to  be  filled  by  the 
discovery  of  new  elements.  Mendclejcft"  has  even  ventured 
to  speculate  regarding  the  pro])erties  of  some  of  those  ele- 
ments ;  and  it  appears  as  if  his  predictions  were  to  be  realized 
in  one  instance  at  least.  In  this  Maga/ine,  for  April,  1877, 
I  have  gathered  together  some  of  the  facts  which  bear  out 
Mendelejeft''s  idea  that  that  metal  which  is  the  latest  addition 
to  the  list  of  elementary  ])odics,  really  occupies  the  position 
assigned  by  him  to  a  hypothetical  element  called  eka- 
aluminium. 

33.  The  "  periodic  law  "  evidently  points  to  a  quantitative 
connexion  between  the  atomic  Aveights  of  the  elements  and 
the  chemical  properties  of  these  bodies  and  of  their  compounds. 
It  is  difficult  to  measure  what  we  call  "  chemical  properties;" 
and  hence  it  is  diflicult  to  state  the  connexion  which  appa- 
rently exists  in  any  other  than  a  vague  and  indefinite 
manner.  But  the  "  jwriodic  law"  also  enables  us  to  connect 
together  atomic  weight  and  physical  characters  ;  and  in  each 
of  these  we  have  a  quantity  susceptible  of  very  accurate 
measurement. 

If  we  trace  back  the  history  of  chemical  theory,  we 
find  that  chemists  have  ever  been  attempting  to  connect 
together  in  a  definite  manner  a  variable  and  a  variant. 
In  the  early  days  of  modern  chemistry  the  variable  was 
the  elements  which  combine  and  the  proportions  in  which 
they  combine;  the  variant  was  empirical  composition.  A 
little  later  it  was  attempted  to  connect  the  emi)irical  com- 
position, as  variable,  with  general  chemical  behaviour,  as 
variant.  I  lia^e  endeavoured  to  show  how  chemists  now 
att(>mpt  to  connect  atomic  structure  as  the  variant  with  the 
variable,  composition — and  also  how  they  attempt  to  connect 
the  latter,  which  they  almost  regard  as  synonymous  with 
atomic  structure,  with  physical  properties  as  a  variant. 
Mendelejeffs  law  presents  us  with  a  definite?  variable,  viz. 
atomic  weight;  and  it  attempts  to  represent  the  ])hysical  and 
chemical  properties,  both  of   elemeuts   and   compounds,  as 
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functions  of  this  variable.  A  further  and  more  careful  study 
of  the  exact  properties  of  groups  of  compounds  and  of  ele- 
ments will  doubtless  enable  us  to  make  a  nearer  approximation 
to  the  nature  of  the  function  in  question.  Supposing  that 
the  periodic  hnv  be  clearly  established,  we  shall  then  be 
met  with  such  questions  as  these  : — Are  there  periods  within 
periods  ?  Is  the  divergence  from  the  law  itself  periodic  ? 
and  so  on.  The  field  for  inquiry  is  evidently  immense. 
Very  many  measurements  must  be  made  before  we  can 
attempt  an  answer  to  the  simplest  of  the  questions  presenting 
themselves  for  solution. 

It  would  not  be  difficult,  perhaps,  even  now,  to  deduce  some 
empirical  mathematical  expression  which  should  appear  to 
satisfy  some  of  the  results  concerning  the  connexion  of 
atomic  weight  and  physical  jn-operties.  If  the  measurements 
be  accurate,  such  an  empirical  law  may  be  generally  easily 
enough  deduced  ;  but  in  a  case  so  complicated  as  that  pre- 
sented to  the  chemist,  an  empirical  law  would  be  of  little 
value  ;  it  would  almost  certainly  be  untrue.  We  must  be 
content  to  wait  for  further  researches,  in  the  hope  of  being 
one  day  able  to  deduce  a  rational  law  which  shall  cover  all 
the  facts,  and  shall  enable  us  to  express,  with  a  fair  degree  of 
accuracy,  the  nature  of  the  function  of  which  the  chemical 
and  physical  properties  of  elements  and  compounds,  and  the 
atomic  weights  of  the  elements,  are  values. 

In  any  attempts  w-hich  may  be  made  to  solve  this  problem, 
it  will  be  necessary  to  remember  that  most  minds  are  biased 
in  favour  of  a  simple  law,  that  we  are  ready  to  believe  that 
Nature  must  be  extremely  simple  in  her  working,  whereas  the 
facts  which  we  certainly  know  all  point  to  the  extreme  com- 
plexity of  Nature's  laws.  Each  more  exact  investigation 
shows  that  what  we  had  before  accepted  as  a  full  expression 
of  the  facts  is  but  an  approximation  to  such  an  expression. 
We  are  really  dealing,  as  Prof.  Jevons  remarks,  Avith  pheno- 
mena made  up  of  an  infinite  number  of  infinitely  small  units. 
It  is  only  our  incompetency  to  solve  Nature's  problems 
which  obliges  us  continually  to  assume  the  phenomena  to  be 
much  more  simple  than  they  really  are. 

It  seems  to  me  that  a  consideration  of  the  infinity  of  the 
subject  presented  to  the  naturalist  should  prevent  many  of 
those  unseendy  controversies  concerning  pet  theories  wliich 
now  and  again  disgrace  the  pages  of  works  pretending  to  be 
devoted  to  an  investigation  of  Nature. 

Chemists  are  not  wholly  free  from  blame  for  the  manner  in 
which  they  incline  to  allow  theories  to  usurp  the  place  of 
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facts.  But  to  endeavour  to  mend  this  mistake  by  declarinf^ 
that  science  has  no  need  of  hypotheses  appears  to  me  to  be 
but  falling,  if  possible,  into  a  worse  error. 

34.  I  have  thus  endeavoured  shortly  to  trace  the  evolution 
of  chemical  theory  in  the  past,  and  to  indicate  a  feAv  of  the 
main  lines  along  which,  as  it  seems  to  me,  it  must  proceed  in 
the  more  or  less  immediate  future.  Although  I  have  entitled 
this  paper  "On  Chemical  Classification,"  yet  I  have  made  no 
attempt  at  a  system  of  classification  :  the  time  for  such  an 
attempt  is  yet,  I  believe,  a  long  way  off.  "We  have,  it  is 
true,  various  systems,  each,  it  may  be,  good  in  itself,  and 
useful  for  certain  limited  purposes.  But  it  is  only  when  we 
shall  have  attained  to  a  much  wider  knowledge  of  the  con- 
nexions existing  between  composition  and  properties  of 
chemical  bodies  that  any  attempt  at  a  large  scneme  of  clas- 
sification likely  to  prove  of  lasting  value  need  be  made. 

The  three  main  lines  of  research  (see  par.  29)  indicated  in 
the  foregoing  paragraphs  even  now  blend  into  one  another  ; 
we  cannot  keep  them  altogether  separate,  if  we  would.  The 
barriers  between  them  are,  of  course,  artificial,  and  merely 
set  up  as  aids  to  research.  Many  subsidiary  problems,  not 
strictly  included  within  any  of  these  general  questions,  already 
present  themselves,  and  will,  in  all  probability,  increase  in 
number  as  investigation  progresses. 

A  considerable  number  of  exceptional  j)hcnomena  are  even 
now  known,  which  are  scarcely  touched  by  any  of  our 
theories.  Such,  for  instance,  is  the  phenomenon  of  allo- 
tropism.  We  seem  to  have  a  vague  idea  of  some  kind  con- 
nected with  this  word ;  but  if  a  student  were  asked  in  an 
examination,  "  What  are  allotropic  states  ?"  and  if  he  Avere  to 
adopt  the  Avords  of  Prof.  Stanley  Jevons,  and  reply,  "  Curious 
states,  which  chemists  conveniently  dispose  of  by  calling  them 
allotropic,  a  term  freely  used  when  they  are  puzzled  to  know 
w^hat  has  happened "  *,  he  might  be  plucked ;  but  on  the 
question  of  allotropism  he  would  be  scarcely  less  ignorant 
than  his  examiner. 

Exceptional  phenomena  form  the  nuclei  around  which  re- 
searches, rich  in  fruitl'ul  work,  must  congregate.  The  science 
of  Chemistry  has  made  great  advances  in  recent  years  ;  but  it 
is  now  only  entering  on  the  exact  stage  of  its  history.  Before 
that  history  can  be  completed  much  labour  of  head  and  hands 
is  required  >  but  it  will  be  richly  rewarded.  "  Viel  Arbeit  der 
Geister  wie  der  Hlinde  ist  erforderlich,Jabcr  sie  wird  reichlich 
belohnt  werden"  f 

*  '  Principles  of  Science,'  vol.  ii.  p.  341. 
t  iJie  modcrncn  Thcnriv)i,  i>iul.  edit.  p.  ."•'!. 
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XXXV.  On  the  Determination  of  Temperature-coe-fficients  for 
Insulating  Envelopes.  By  Thomas  T.  P.  Bruce  Warren, 
Analytical  Chemist  to  the  India-rnhber,  Gutta-percha ,  and 
Telegraph-Works  Comjyany,  Limited*. 

AT  the  Exeter  Meeting  of  the  British  Association  I  read  a 
paper  on  Electrificationt,  in  which  I  endeavoured  to 
show  that  the  rate  of  variation  in  the  insulation  resistance  of 
a  core  or  cable  under  changes  of  temperature  could  be  deter- 
mined for  any  period  of  contact. 

A  statement  was  made  in  that  paper  which  has  led  to  the 
belief  that  india-rubber  has  the  same  constant  for  correcting 
from  one  temperature  to  another  and  for  any  period  of  con- 
tact. Professor  Fleeming  Jenkin,  Mr.  Latimer  Clark,  and 
others  have  pointed  out  that  this  phenomenon  is  not  met  with 
in  gutta  percha  or  any  other  insulator  with  which  they  are 
acquainted.  This  has  led  me  to  reexamine  the  matter,  and  to 
consider  carefully  the  experimental  data  upon  which  the  paper 
was  founded. 

The  method  of  representing  graphically  the  decrease  of 
resistance  due  to  increase  of  temperature  corresponding  to  one 
minute's  electrification  can  be  followed  out  for  two,  three,  or 
any  number  of  minutes.  In  this  way  a  series  of  logarithmic 
curves  are  obtained  for  any  required  duration  of  contact.  These 
curves  are  generated  by  a  constant  which  must  first  be  ascer- 
tained by  experiment  for  changes  of  temperature  at  the  end 
of  one,  two,  three,  &c.  minutes.  This  Avas  omitted  in  the  pre- 
vious paper,  or  at  least  not  dealt  with  as  fully  as  the  importance 
of  the  subject  required. 

The  phenomenon  of  electrification,  from  what  has  just  been 
pointed  out,  must  appear  to  every  electrician  to  have  received 
additional  importance,  and  no  longer  to  be  regarded  as  an  unin- 
telligible or  inapplicable  fiict.  One  very  important  consequence 
of  its  being  reducible  to  an  intelligible  variation  is,  that  we 
can  now  calculate  not  only  the  changes  in  the  resistance  of  an 
insulator  due  to  variation  of  temperature,  but  we  can  ascertain 
with  the  same  precision  any  required  change  due  to  prolonged 
contact  at  any  required  temperature. 

The  resistances  at  diftcrent  temperatures  under  different 
durations  of  contact  will,  when  tabulated,  represent  a  series  of 
logarithms,  the  base  of  each  system  being  the  ratio  between 

*  Commuiiicated  by  tlie  Author,  Laving  been  read  in  Section  A  of  the 
British  Association  at  Plynaoutli,  August  1877. 

t  This  paper  was  reprinted  in  this  .Magazine,  Doccnibcr  18()0. 
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tlio  resistances  for  tlic  same  differences  of  temperature  but 
corresponding  to  different  periods  of  contact. 

From  tlie.se  facts,  electritication  j)lienomena  are  capable  of 
receiving  a  mathematical  rendering  which  must  prove  of  im- 
mense use  to  telegraph-engineers. 

If  the  temperature-coefticient  were  constant  for  all  and  every 
period  of  contact,  we  should  obviously  obtain  a  series  of  curves 
with  ordinates  increasino-  in  a  constant  ratio,  which  would 
mean  that  the  ratio  of  the  resistances  for  successive  periods  ot 
contact  did  not  diminish  as  we  reach  the  higher  temperatures. 
Now,  as  the  temperature-coefficients  for  increased  duration  of 
contact  diminish,  the  curves  more  nearly  approach  each  other 
as  the  temperatures  increase,  which  agrees  with  the  fact  that 
electrification-ratios  are  reduced  less  and  less  as  the  resistance 
itself  diminishes. 

A  very  curious  result  arises  from  this  treatment  of  the  sub- 
ject, which  I  have  not  yet  had  sufficient  time  to  examine, 
but  may  be  mentioned  here,  as  probably  it  may  assist  us  to 
explain  something  of  the  nature  of  electrification. 

To  determine  ai)pruximately  the  electrification-ratio,  and 
consequently  the  resistance  at  any  required  temperature  and 
for  any  period  of  contact.  Calculate  first  the  temperature- 
coefficient  for  the  required  temperature,  which  is  simply  the 
exjtansion  of  the  ratio  for  1°  Fahr.  to  the  power  correspond- 
ing to  the  degrees  of  difference.  Using  this  as  the  factor, 
extract  the  root  of  the  ratio  for  any  two  gi^  en  periods  of  con- 
tact ;  this  will  give  very  nearly  the  electrification-ratio  corre- 
sponding to  the  same  periods  of  contact  at  the  required  tem- 
perature. 

It  thus  appears  that  electrification,  which  is  an  insepai'able 
property  of  all  insulators,  follows  some  law  of  variation  in 
which  the  temperature-coefficient  of  the  insulator  itself  is  a 
function. 

I  hope  to  have  the  pleasure  of  communicating  at  a  future 
time  the  mathematical  development  of  the  application  of  logiv- 
rithmic  functions  to  electrification  and  thermal  changes  in 
insulating  media. 

4  Lansdowne  Terrace, 
Stratford,  Essex. 
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XXXYI.  On  Binaural  Audition.  By  SlLYAXUS  P.  THOMP- 
SON, B.Sc,  B.A.,  Lecturer  in  Experimental  Physics,  Uni- 
versity College,  Bristol  *. 

1.  nP\URIXG  the  course  of  a  series  of  experiments  made  a 
-L'  few  mouths  ago  I  had  occasion  to  listen  to  a  tone  of 
slightly  fluctuating  pitch,  the  sound  of  which  was  led  to  one 
ear  by  a  caoutchouc  tube.  Desiring  to  measure  the  pitch  of 
the  tone,  it  occurred  to  me  to  iry  to  obtain  interference-beats 
with  a  fork  of  very  nearly  the  same  pitch.  Under  the  cir- 
cumstances this  could  only  be  accomplished  by  holding  the 
vibrating  standard  fork  to  the  other  ear.  On  doing  this  I 
was  somewhat  surprised  to  observe  that  the  "beats"'  were 
heard  with  remarkable  distinctness.  Up  to  this  time  I  was 
not  aware  of  any  experiments  on  the  binaural  estimation  of 
beats,  nor  even  that  they  could  be  so  heard.  Shortly  after- 
wards I  learned  from  Dr.  Vt\  H.  Stone  that  he  has  been  in 
the  habit  of  using  both  ears,  with  a  tuning-fork  applied  to 
each,  in  counting  beats,  and  that  he  finds  no  difference  be- 
tween the  result  of  this  method  and  that  of  listening  to  both 
forks  with  one  ear. 

2.  "When  two  forks  producing  "  beats  "  are  thus  applied, 
one  to  each  ear,  there  is  a  possibility  of  the  vibrations  of  the 
one  fork  being  conveyed  to  the  other  ear  exteriorly  through 
the  air.  To  eliminate  as  nearly  as  [)Ossible  this  chance  I  took 
two  UT3  {c^  =  '25C))  forks,  by  Ducretet  of  Paris,  and  loaded 
one  with  wax  to  give  about  2*5  beats  per  second  when 
sounded  with  the  other.  The  forks  were  unscrewed  from  their 
resonant  boxes  ;  an  india-rubber  tube  was  inserted  into  an 
aperture  in  the  wall  of  each  of  the  resonant  boxes  correspond- 
ing to  the  forks  ;  and  the  two  tubes  were  led  to  the  two  ears 
of  the  observer,  and  plugged  round  with  cotton-wool.  For 
the  sake  of  greater  precision,  the  tubes  were  led  a^-ay  from 
the  apartment  into  two  others,  in  each  of  which  an  assistant 
struck  one  of  the  forks  and  held  it  in  front  of  the  mouth  of 
the  resonant  box.  The  "beats"  were  most  distinctly  heard, 
and  seemed  to  be  taking  place  Avithin  the  cerebellum.  When 
the  forks  vibrated  so  slightly  as  to  be  singly  all  but  inaudible, 
the  beats  of  the  two  were  most  distinctly  heard. 

3.  When  the  beats  Avere  augmented  in  number  per  second 
by  additional  loading,  they  were  still  very  distinct  to  binaural 
audition,  and  unusually  harsh.  On  listening  attentively  for 
a  combinational  (difterence)  tone,  none  was  observed.     Two 

*  Communicated  by  the  Author,  having  been  read  before  the  British 
Association,  Section  A,  Augnst  16,  1877. 
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forks,  UT3  and  MI3,  -wliicli  when  struck  or  bowed  together 
give  a  well-marked  coniLinational  tone,  gave  none  Avhen  their 
sounds  were  separately  led  to  the  two  ears.  The  same  was 
the  case  with  UT3  and  SOL:>.  The  efJect  was  not  entirely 
agreeable,  being  peculiarly  harsh,  yet  unlike  any  ordinary 
discord.  When  MI3  and  SOL3  were  thus  employed  together, 
giving  an  interval  of  a  minor  third,  no  combinational  tone 
Avas  produced,  but  the  effect  was  disagreeable  and  grating  in 
the  extreme — a  most  unpleasant  jarring  sensation  being  ex- 
cited, apparently  in  the  region  of  the  top  of  the  cerebellum. 
Several  observers  concurred  in  the  absence  of  any  com- 
binational tone,  and  in  the  unpleasantness  of  the  resultant 
sensation. 

4.  The  next  experiment  was  an  attempt  to  ascertain  the 
effect  of  bringing  to  the  two  ears  waves  of  equal  pitch  and 
intensity,  but  differing  in  phase.  A  series  of  more  elaborate 
experiments  on  this  point  is  still  in  course  of  completion  ;  but 
before  these  were  begun  the  following  simple  experiment  was 
tried.  One  of  my  two  UT3  forks  Avas  loaded  until  it  gave 
two  beats  per  second  with  the  other.  When  they  were 
sounded  together,  there  was  obviously  produced  a  rapid  suc- 
cession of  all  possible  diflierences  of  phase.  A  slower  succes- 
sion of  interferences  "uas  afterwards  employed.  When  the 
two  forks  were  presented  separately  (and  simultaneously)  to 
the  two  ears,  and  also  when  their  tones  were  independently 
led  to  the  cars  by  tubes  as  described  above,  it  was  still  pos- 
sible to  recognize  the  fluctuations  of  tone.  There  was,  how- 
ever, no  very  decided  Aveakening  of  the  intensity  of  the  sound 
comparable  to  the  "  i^ilences "'  ordinarily  obserA-ed  betAAcen 
the  "beats,"'  the  tAvo  tones  seeming  to  be  going  on,  but 
Avith  a  difference  hardly  definable  in  precise  terms.  When 
complete  difference  of  phase  Avas  momentarily  attained,  there 
seemed  to  be  a  slight  increase  in  the  intensity  of  the  sound, 
and  the  octave  note  (Avhich,  it  A\-ill  be  remembered,  is  not 
amongst  the  upper  partials  of  the  fork)  Avas  faintly  heard  *. 
There  Avas,  hoAvever,  no  means  of  demonstrating  the  existence 
of  such  a  tone,  and  the  statement  rests  merely  upon  the  evi- 
dence of  the  senses. 

5.  It  is  not  easy  to  explain  Avhy  interference-beats  should 
thus  occur  in  the  simultaneous  individual  action  of  the  tAvo 
ears,  Avhile  combinational  tones  (difference-tones)  are  in- 
audible.    There  is  in  the  case  of  the  auditory  nerves,  or 

*  It  is  of  some  impoi-tance  to  observe  that  in  this  experiment  the  forks 
were  held  by  assistants,  and  detached  from  their  resonant  boxes,  as 
described  in  No.  2, 

T2 
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jwrtio  niolli'!,  no  decussation  like  that  of  the  optic  nerves  ; 
the  former  do  not  intersect  alter  leaving  the  fourth  ventricle, 
in  which  the}'  have  their  common  origin,  and  from  which 
they  diverge  right  and  left.  There  is  in  health  a  possible 
eomnumieation  between  the  ears  across  the  pharynx,  through 
the  Eustachian  tubes.  Moreover  the  bone  of  the  skull  itself 
is  capable  of  conveying  sonorous  tremors,  which  might  account 
for  both  ears  hearing  a  sound  entering  by  one  only.  In 
either  of  these  latter  cases,  however,  there  would  be  no  reason 
whv  combinational  tones  should  not  be  equally  audible  in 
binaural  as  in  monaural  audition  ;  so  that  Ave  ai-e  driven  to 
the  hypothesis  that  any  means  of  comparison  which  may 
exist  in  the  nerve  systems  of  the  ears  exists  deep-seated  in 
the  actual  structure  of  the  brain.  This  may  be  the  reason 
why  dissonances  are  in  binaural  audition  so  excessively  dis- 
agreeable, and  why  even  ordinary  consonant  intervals  become 
harsh.  They  evoke  a  discontinuous  sensation  when  there  is 
no  opportunity  of  their  blending  previously  to  acting  upon 
the  sensitive  mechanism  of  the  nerve-structures.  The  dis- 
continuity of  the  sensation  produces  an  intensity  of  effect 
exceeding  that  of  a  continuous  one.  Hence  sounds  all  but  in- 
audible themselves  may  yield,  as  noted  in  No.  2,  very  well- 
marked  beats,  enabling  the  ear  thus  to  detect  the  most  deli- 
cate differences  of  tone.  Thus,  for  example,  I  have,  in  a  still 
room,  huag  up  a  fork  with  its  resonant  box,  and,  after  exci- 
ting its  vibrations  with  a  bow,  have  made  it  swing  like  a  pen- 
dulum at  the  end  of  a  string.  On  retiring  to  the  further  end 
of  the  room,  and  listening  to  its  tones  with  a  resonator  in  the 
ear,  I  have,  by  holding  to  the  other  ear  a  fork  vibrating 
accurately  in  unison  with  the  first,  been  able  to  pronounce 
by  the  audible  fluctuations  of  tone  whether  tlie  swinging 
fork  were  advancing  or  retreating — that  is  to  say,  whether 
the  motion  of  translation  at  any  given  moment  were  in  the 
same  direction  as,  or  in  an  opposite  direction  to,  the  propa- 
oation  of  the  sonorous  w'aves. 


XXXVII.    0)1-   tJte  Mar/nc/ie  Behaviour  of  Chemical  Com- 
jwunds.     Bij  Professor  CI.  Wiedemann. 

[Concluded  from  p.  173.] 


1 1 .    ]\/[A  GNETISMS  of  ihe  Oxides  of  the  Magnetic  Metah. 
^  — The  oxides,  having  been  heated  to  redness,  in- 

vestigated directly  in  the  flat  flasklet,  show  in  gieneral  a  much 
feebler  magnetism  than  the  corresponding  salts  or  hydrates. 
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If  the  molecular  magnetism  of  the  salts  is  eqn;il  to  /Xg,  the 
magnetism  fig  of  the  oxides  is  : — 

Manganous  oxide  /io  =  0"31/*« 

Nickelous  oxide   ,,  017 

Didymic  oxide ,  0*52 

Cupric  oxide     ,,  U'21 

Ferric  oxide ,,  O'lo 

Ferric  oxide  with  alumina  *   „  0*55 

Chromic  oxide „  0*35 

The  same  after  strong  incandescence  „  0*39 

The  same  Avith  alumina  *     „  0'5G 

Therefore  the  molecular  magnetism  of  the  burnt  oxides  is 
much  less  than  that  of  the  corresponding  salts  and  hydrates  ; 
it  varies  also  according  to  the  manner  of  exhibition  and  treat- 
ment of  the  oxides.  From  the  behaviour  of  the  mixtures  of 
ferric  and  chromic  oxides  -with  alumina  it  follows  that  when 
the  coagulation  of  individual  particles  of  the  magnetic  oxides 
is  prevented  by  the  presence  of  an  inditferent  substance,  their 
magnetism  turns  out  greater.  This  may  arise  from  the  en- 
hancement of  the  molecular  forces  that  hold  the  magnetic 
atoms  of  metal  in  their  relative  position  and  prevent  their 
rotation,  occasioned  by  the  condensation  with  the  heating, 
being  considerable  ;  and  in  that  case,  with  a  finer  division, 
the  fleniagnetizing  mutual  action  of  the  parts  lying  side  by 
side  is  as  nuich  weakened  as  the  magnetizing  action  of  those 
situated  one  behind  another.  Since  in  certain  cases  the  former 
is  greater  than  the  latter,  this  distribution  may  etie;t  an  in- 
crease of  magnetism.  Whether  moreover  the  diminutions  of 
magnetism  here  observed  are  to  be  attributed  only  to  the  con- 
siderable alterations  of  density,  or  are  connected  with  an  actual 
change  in  the  atom-grouping,  cannot  at  present  be  decided. 

12.  7'he  Hijdrates  of  the  Superojides  of  manganese,  cobalt, 
and  nickel  have  only  a  very  feeble  magnetism  ;  it  is  dift<3rent 
with  the  magnetism  of  the  so-called  supero.ride  of  cJiromium, 
CrOo.  The  round  glass  vessel  Avas  tilled  first  Avith  a  solution 
of  chromic  sulphate,  and  then  with  one  of  bichromate  of  ])otass, 
and  each  time  the  magnetism  d(!termined  ;  in  the  second  case 
it  Avas  nearly  equal  to  that  of  Avater,  therefore  negative.  After- 
Avards  the  glass  avus  partly  filled  Avitli  the  first,  and  then  filled  up 
to  the  mark  Avith  the  second  solution,  and  the  magnetism  again 

*  The  ferric  and  chromic  oxides  Avere,  for  these  experiments,  precipi- 
tated jointly  Avilh  the  alumina  from  a  mixed  solution  of  ammonia-alum 
and  ferric  chloride  orcliromic  nitrate,  and  the  mixture  afterwards  heated 
to  incandescence. 
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determined.  Calculated  for  the  atom  of  the  chromium  con- 
tained in  the  chromic-sulphate  solution,  it  was  found  nearly 
equal  to  the  atomic  magnetism  of  chromium  in  the  ordinary 
chromic  salts.     Thus  the  magnetism  of  the  total  chromium 

(1)  in  the  solution  of  chromic  sulphate     54*2 

(2)  in  the  mixture 23*1 

The  weights  of  chromic  oxide  in  the  two  were  as  23'62  :  11*30 
~  1:0*47,  the  magnetisms  as  1  :  0*43.  Therefore  the  mag- 
netism of  the  chromium  oxide  was  not  essentially  changed 
with  the  precipitation.  Accordingly  the  so-called  superoxide 
of  chromium  is  a  saline  combination  of  chromic  acid  with 
chromic  oxide,  as,  indeed,  it  is  also  well  known  that  by 
washing  it  with  water  it  can  be  more  and  more  decomposed 
into  those  two  constituents. 

13.  Magnetism  of  the  precijyitated  Metallic  Sulphides. — 
"While  magnetic  pyrites  exhibits  strong  magnetism,  in  the 
precipitated  sulphides  of  the  metals  this  is  very  little.  For 
the  investigation  the  solutions  of  the  salts  of  the  magnetic 
metals,  in  weighed  quantities,  in  the  glass  vessel  of  the  tor- 
sion-apparatus, were  precipitated  by  a  solution  of  sulphide  of 
ammonium.  It  was  then  found  that  if,  as  above,  ^.g  is  the 
molecular  magnetism  of  the  dissolved  salt,  that  of 

Sulphide  of  manganese  fj, ^=0' 27 /jb^ 
„  iron       .     .  0*05 

„  cobalt    .     .  0*04 

„  nickel    .     .  0*04 

These  considerable  differences  cannot  also  be  referred  to  an 
alteration  of  density ;  much  rather  may  it  be  safely  assumed 
that  the  magnetic  atom-group  in  the  sulphides  of  the  metals  is 
another  than  that  in  the  oxygen  and  haloid  salts  and  in  the 
hydrates. 

14.  Ferric  end  Ferrous  Oxalate  of  Potass. — By  the  deter- 
mination of  the  molecular  magnetism  of  these  two  salts,  of 
which  the  former  (contrary  to  the  rest  of  the  ferric  salts)  is 
green,  while  the  latter  is  yellow,  it  can  be  forthwith  demon- 
strated that  ferric  oxalate  of  potassium  possesses  the  molecular 
magnetism  of  the  peroxide  salts,  and  the  ferrous  oxalate  that 
of  the  rest  of  the  salts  of  the  protoxides.  Accordingly  an 
assumption  of  Haidinger's  (Pogg.  Ann.  vol.  xciv.  p.  246, 
1855),  that  the  former  salt,  optically  regarded,  contained  fer- 
rous carbonate,  cannot  be  maintained. 

15.  Modifications  of  the  Salts  of  Clironiic  Oxide. — When  a 
violet  solution  of  chrome-alum  is  heated  till  it  assumes  a  green 
colour,  after  the  cooling  its  magnetism  remains  the  same  as 
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before  the  transformation.  Therefore  the  change  of  colour 
cannot  arise  from  a  possible  separation  of  colloid  oxide  of 
chromium  from  the  salt,  which,  like  the  colloid  oxide  of  iron, 
would  exhibit  a  lower  degree  of  magnetism  than  the  oxido 
combined  with  the  acid. 

16.  Magnetism  of  the  Cyanides  of  the  Magnetic  Metals. — The 
precipiiates  obtained  in  the  flask  of  the  torsion-apparatus  by 
adding  hydrocyanic  acid  to  the  salts  of  acetic  acid,  of  cyanide 
of  nickel  and  cyanide  of  cobalt,  possess  a  much  lower  magne- 
tism than  the  corresponding  oxygen  and  haloid  salts.  If  the 
former  be  denoted  by  jjicy,  the  latter  by  jju^,  then  with 

Cyanide  of  cobalt  /ify  =  0'60-0"65yct,,. 
Cyanide  of  nickel  /jic>,  =  0'4:6/Xg. 

"When  the  precipitates  are  dried,  the  molecular  magnetism  of 
the  cobalt  cyanide  remains  nearly  constant,  that  of  the  nickel 
cyanide  rises  to  about  0"G3//.,. 

While  the  simple  cyanides  of  the  magnetic  metals  still  show 
a  not  inconsiderable  amount  of  magnetism,  this  diminishes  to 
a  great  extent  or  quite  vanishes  when  those  metals  enter  into 
combination  with  cyanogen  in  other  atomic  groupings.  Thus, 
as  Faraday  showed,  ferricyanide  of  potassium  is  only  feebly 
magnetic,  and  ferrocyanide  of  potassium  is  even  feebly  dia- 
magnetic,  although  the  latter  salt  contains  more  iron  in  its 
molecule  than  the  former.  Correspondingly,  also,  in  these 
salts  the  iron  cannot  be  directly  demonstrated  by  the  ordinary 
reagenis. 

The  mangani-  and  cobalticyanides  of  potassium  behave 
altogether  similarly  to  the  ferricyanide.  According  to  former 
experiments  the  molecular  magnetism  of  these  salts,  as  well  in 
solution  as  in  the  solid  state,  is  the  following: — 

Manganicyanide  of  potassium 
Ferricyanide  of  potassium 
Cobalti cyanide  of  potassium  . 

Here  also  the  molecular  magnetism  of  the  iron-salt  is  the 
mean  between  those  of  the  manganese-  and  the  cobalt-salt. 
In  comparison  with  the  magnetism  of  the  protoxide  salts  it 
appears  diminished  in  an  approximately  equal  proportion: — 

100-4-31-2  =  69-2;  83-l-15-9  =  67'2  ;  67-2  +  0-75  =  68. 

The  behaviour  is  therefore  the  same  as  if  to  the  magnetic  ra- 
dicals a  strongly  diamagnetic  radical,  with  the  diamagnetism 
belonging  to  it,  were  added. 

A  further  insight  into  the  constitution  of  the  ferro-  and 
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ferricyanides  &c.  is  afforded  by  the  experiments  described  at 
p.  170j  and  by  others  similar  to  them.  By  those  experiments 
it  is  proved  thai,  when  a  sohition  of  these  salts  is  mixed  Avith 
the  solution  of  a  salt  of  iron,  nickelj  cobalt,  or  manganese,  and 
thereby  the  potassium  in  them  is  parti-lly  or  entirely  replaced 
by  the  inagnetic  metals  of  the  latter,  the  molecular  magnetism 
is  augmented  by  the  magnetism  of  those  metals — as,  e.  g.,  on 
the  replacement  of  the  potassium  in  the  chloride  of  potassium 
by  the  same  metals,  in  which  the  magnetism  of  the  potassium 
is  a  vanishing  quantity  against  that  of  the  latter.  The  dectro- 
Jijt'ic  behaviour  shows  that  the  ferro-  and  ferricyanides  and  the 
analogous  salts  of  manganese  and  cobalt  are  to  be  regarded 
as  compounds  in  which  the  one  constituent  {e.  g.  the  potassium) 
is  electrolytically  opposed  to  the  radical  combined  with  it 
(ferrocyanogen  &c.)  in  like  manner  as  the  chlorine  in  potas- 
sium chloride.  It  results  from  the  magnetic  investigation  that, 
even  in  the  xindccomposed  salts,  the  potassium  in  the  ferro- 
cyanide  &c.  possesses  altogether  the  same  properties  as  in  the 
chloride  of  potassium  &c.  The  constitution  of  both  series  of 
salts  is  in  this  respect  the  same ;  the  former  are  therefore,  like 
the  latter,  to  be  considered,  even  in  the  undecomposed  state,  as 
binary  compounds. 

It  IS  remarkable  that  also  the  combined  cyr'nides  of  nickel 
nnd  potassium  (NiCy2  +  2KCy),  Avhich  possesses  a  composi- 
tion deviating  from  the  constitution  of  the  ferrocyanides,  is 
feebly  diamagnetic.  Consequently  this  salt  is  not  to  be  ima- 
gined a  double  salt ;  much  rather,  as  results  from  its  electro- 
lysis, may  the  potassium  be  opposed  as  electropositive  radical  to 
the  total  remaining  complex  of  atoms  as  electronegative  radical. 

A  quite  different  behaviour  is  exhibited,  according  to  more 
recent  experiments,  by  the  so-called  potassium  ckrominjanide 
(CrCy3  +  3KCy),  although  it  appears  to  be  composed  after 
the  analogy  of  the  potassium  ferri cyanide  &c. ;  and  it  is  just 
the  same  with  the  potassium  chromisidjJioct/anide.  If  we  de- 
note by  G  the  weight  of  the  magnetic  metal  contained  in  the 
solutions  of  these  salts  (which  was  partly  determined  directly, 
and  partly  calculated  from  the  Aveight  of  the  salt  present  in 
the  solution),  by  M  the  magnetism  of  the  solutions  after  de- 
ducting the  (negative)  magnetism  of  the  glass  filled  witli 
Avater,  Ave  obtain  the  magnetism  «  for  each  atom  of  the  mag- 
netic radical  for : — 

G.  M.  «. 

Potassium  chromicyanide    ...  0-8273         0'3178         42*0 
„         ferricyanide    0'9734         0-1329         15-9 

Ferric  nitrate  0-5286         0-4532       100-0 


M. 
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In  tlie  investigation  of  the  powdered  solid  salts  simulta- 
neously -with  the  solution  of  the  ferric  nitrate  in  the  flat  glass 
vessel,  there  was  obtained  for 

G. 

Potassium  chroniicyanide     0-511 

„         ferricyanide 0-00(3 

Ferric  nitrate     O-018 

Potassium  chromisulphocyanid(!    0-2525 
Solution  of  normal  ferric  chloride  0-1226 

According  to  this  the  magnetism  of  the  chromium  in  the 
potassium  chromicyanide  (42-7)  and  in  the  potassium  chromi- 
sulphocyanide  (41-1)  is  nearly  the  same  as  that  of  the  rest  of 
the  chromic-oxide  salts  (41-9) ;  there  is  no  such  diminution  of 
it  to  be  perceived  as  that  which  is  conditioned  by  the  atomic 
grouping  belonging  to  the  ferricyanide.  We  should  hence  be 
justihed  in  considering  the  potassium  chromicyanide  and 
chromisulphocyanide  simple  double  salts  in  which  chromium 
possesses  quite  the  same  })ropertics  as  in  solution  of  chromic 
chloride,  for  instance,  &c. 

17.  Of  great  interest  is  the  magnetic  deportment  of  a  series 
of  ammoniacal  compounds  of  cobalt,  nickel^  chvoiniinn,  and  cop- 
per. As  is  known,  chemically  the  so-called  anunonio-cobalt 
salts  behave  ditferently  from  the  ordinary  salts  of  cobalt ;  and 
one  is  inclined  to  assume  that  in  them  the  cobalt  occupies  the 
place  of  a  part  of  the  hydrogen  of  the  ammonium.  Other 
ammoniacal  compounds  of  cobalt,  e.  cj.  the  double  salt  ain- 
monio-cobaltous  sulphate  &c.,  on  the  contrary,  I'ange  them- 
selves perfectly  with  the  ordinary  cobalt-salts.  The  same  dif- 
ferences are  shown  also  in  the  magnetic  behaviour  of  the 
various  cobalt  compounds ;  and  the  latter  is  accordingly 
adapted,  in  doubtful  cases,  to  decide  concerning  their  consti- 
tution. 

Nearly  the  same  molecular  magnetism  is  possessed  by  the 
double  salts  ammonio-cobaltous  sulphate  etc.,  and  by  the  am- 
moniacal compounds  obtained  by  passing  gaseous  ammonia 
over  anhydrous  cobaltous  sulphate,  cobaltic  chloride,  (tc,  as 
by  the  ordinary  oxygen  and  haloid  salts  of  cobalt.  Thus,  after 
deducting  the  magnetism  of  the  glass  tilled  with  water,  retain- 
ing the  previous  notation,  there  was  found: — 

G.  M.  «. 

CoS04  +  (XH4)oSO,  +  (3aq    ...  0-4678  Co  86-6  73-0 

.C0SO4  +  6NH3  0-1439Co  22-3  64-7 

Normal  ferric  chloride   0-1226  Fe  30-9  100 

More  or  less  deviating  from  this  is  the  behaviour  of  those 
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compounds  wliicli  arise  from  oxidation  of  ammoniacal  solutions 
of  cobultous  oxide.  The  magnetic  moments  of  a  series  of  them, 
as  AVoU  as  of  the  compounds  obtained  by  precipitation  from 
cobaltous  salts  by  nitrites,  are  obtained  from  a  series  of  obser- 
vations in  whicli  tlie  dry  salts  and  an  acid  solution  of  ferric 
chloride  were  examined  in  the  flat  flask.  The  salts  were  pre- 
sented partly  by  Erdmann,  partly  by  Klinzel.  From  these  ob- 
servations it  follows,  still  retaining  the  same  notation,  that: — 

G.  M.  u. 

(1)  Diamine  cobaltic  sulpliite  (4NII3,  Co^Ogj^  q.aqqq  q^  14.7  14.0 

8S0,,  oILO) I 

(2)  Triamiue  cobaltic  sulpliite  (GNH,,  Co^  O3, 1  0-3178  20-6  26-0 

3SO2,  Hj  O) ■ 1 

(3)  Acid  pentamine  cobaltic  sulpliite(10NH3,'lQ.g-|^g-|^  29-5  23*1 

(4)  Tetramine  cobaltic  liyposulpbate  (8NH3,  \/^.J,r.qo  o-''        0-^.2 

Co, O3,  S,, O,)    ...j""^'^-"" 

(5)  Diamine  cobaltic  nitrite  and  ammonium  "l^.f-^o  /x-o       a-i 
nitrite(4NIl3,CoA,3NA)+2(NH,,NO,)  /"  ^^  '-^  "         ^  ^^       "  * 

(0)  Triamine  cobaltic  nitrite  (6NH3,  Co^Oj,  "1  q.^^^^  2-o4       2'2 

oiN  2  ^'3 ) -J 

(7)  Roseocobaltammonium  nitrate  (IONH3,  "1  q.oq rg         _o-09    —0-1'^ 

C02  O3,  SNj  0-)     /        '      " 

(8)  Basic'pentamme  cobaltic  nitrate  (2ONH3,  \ ^.,^P^,  ,  1  n  0«       0■^'\ 

200,0.,  5N.0,,) j'0-ji4  „     +UUC       u  i.j 

(9)  Oxycobaltammoniumnitrate'(5]SiH3,  CoO,,"!  Q.j-gg  q.^-t       Q.gg 

(10)  Purpureocobaltic  chloride  (IONII3,  ^^^Xq.qjqq 
Clo)    J 


_0-o4    -0-46 


(11)  Luteocobaltic  chloride  (12NIl3,Co2CIe)    0-4925,,     -0-11  -0-10 

02)  Potassiocobaltous  nitrite  from  a  neutral"!  p.. p-troo          ti.o'  ia-i 

^          solution  (3CoO,3K,0,6N,03,H,0)../"^^"^^--'       ^^^-  "^^  ^ 

C13)  Potassiocobaltic  nitrite  from  an  acid  solu-  "I  ^.o )  i^s            9-s  ^^•'X 

^     ^     tion  (Co,  O3,  3K,  O,  GN,  O3,  _3IL,  0) .  .  /  "  "^^^'^  "         "^  ^  " 

(14)Ainmonio-potassio-cobalticnitrite(Co.,0  ,  \n-4i/i'?             '^■o  R-,^ 

4?^Il3,  KoO,4N.,03)    ".../"^^^•^"        ^-^ 

(lo)  Ferric  chloride  up  to  the  higher  mark.  .     0-1244  Fe     27-8  100 

(16)  The  same  iilling  only  the  bulb 0-1022  „       26-8  100 

(17)  Potassio-calcio-cobait  nitrite  (CoO,  CaO,  \Q.Qg20  Co       8-3  9-5 

K,  O,  N,  O3) J 

(18)  Potassio-stroutio-cobalt   nitrite    (CoO, )  ^..010^             rn  n.K 

^     ^     SiO,K,0,N,03) .....)^31^^"         '"  ^^ 

C19)  Potassio-baric  cobalt  nitrite*  (CoO.BaO,  \  ^  qqi  q             q.r  1 1  .i 

K,0,N,03) |0331.i„         »b 

(20)  Ferric  chloride     0-1226  Fe    30-9  100 

While  the  three  first-mentioned  amine  salts  still  preserve  a 

not  inconsiderable  temporary  magnetism,  this  is  very  small 

Avith  the   other  salts;  nay,  some  of  them,  as  e.  g.  Nos.  7,  10, 

•  The  formuhe  are  supposed  to  represent  merely  empirically  the  com- 
position of  the  compounds. 
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and  11,  are  oven  cliamagnetic.  We  must  tberefore  assume 
that  in  the  latter  salts  tlie  cobalt  is  combined  in  a  quite  differ- 
ent manner  from  that  in  which  it  is  in  tlio  ordinary  cobaltous 
salts  or  those  analogous  to  the  ferric  salts.  Much  rather  may 
these  salts,  exactly  like  the  ferrocyanides,  contain  the  cobalt 
in  a  special  scarcely  magnetic  group,  while  perhaps  the  cobalt 
replaces  a  portion  of  the  hydrogen  of  the  ammonium.  For 
the  first  four  salts  Geuther*  had  put  forth  the  opinion  that 
they  were  double  salts  which  contained  respectively,  together 
with  one  molecule  of  luteocobaltammonium  sulphite,  either 
(1)  two  or  (2)  one  molecule  of  cobaltic  sulphite,  or  (3)  with 
one  molecule  of  sulphite  of  roseocobaltanunonium  one  molecule 
of  cobaltic  sulphite,  or,  finally,  (4)  with  two  molecules  of  hy- 
posulphate  of  luteocobaltammonium  one  molecule  of  basic 
cobaltic  hyposulphate. 

The  forinukc  of  the  salts  1  and  4  would  therefore  have  to 
be  multiplied  by  three,  that  of  salts  2  and  3  by  two.  They 
would  contain  (1)  six,  (2  and  3)  four,  and  (4)  six  atoms  of 
cobalt;  and  their  molecular  magnetism  Avould  be  respec- 
tively:—(1)  88-8,  (2)  104,  (3)  92-4,  (4)  1-92.  The  luteoco- 
baltammonium sulphite  (in  analyzed  formula  I2NH3,  C02  O.-j, 
3SO2)  and  roseocobaltammoniinn  sulphite  (IONH3,  Cog  O3, 
3SO2),  ''^^  '^^'gH  as  the  hyposulphate  of  luteocobaltammonium 
(I2NH3,  C02  O3,  2  S2  O5,  H2  0),  contain  two  atoms  of  cobalt 
■  each.  Since,  further,  the  luteo-  and  roseocobaltammonium 
salts  are  to  be  considered  almost  unmagnetic,  the  total  magne- 
tism of  the  double  salts  would  fall  to  the  cobaltic  sulphite  and 
hyposulphate  only.  The  magnetism  of  each  atom  of  cobalt 
contained  in  the  latter  would  accordingly  be  (1)  22*2,  (2)  52, 
(3)  4G,  (4)  0'48.  But  these  atomic  magnetisms  deviate  con- 
siderably from  one  another ;  only  salts  2  and  3  could  contain 
a  common  magnetic  group  of  atoms.  At  any  rate  the  cobaltic 
salt  to  be  assumed  as  existing  in  the  salts  could  not  be  consi- 
dered after  the  analogy  of  the  ordinary  ferric  salts,  since  then 
the  mamictismof  the  cobalt  contained  in  them  must  be  oreater 

o 

than  in  the  cobaltous  salts  (67*2). 

The  yellow  precipitates  obtained  by  adding  to  neutral  or 
acid  solutions  of  cobalt-salts  nitrite  of  potass  showed  them- 
selves by  their  magnetism  to  be  essentially  different  from  the 
ordinary  cobaltous  salts,  as  well  as  from  the  first-mentioned 
salts  (1-3)  ;  and  so  did  the  nitrites  of  cobalt  which  at  the  same 
time  contained  barium,  strontium,  or  calcium  (17,  18,  19). 
The  magnetism  of  the  latter  is  nearly  the  same  as  that  of  the 
so-called  potassio-cobaltous  nitrite  precipitated  from  a  neutral 
*  Jahresb.  1863,  p.  267;  Erdniann's  Joiint,  \o\.  xcii.  p.  32. 
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solution  (12) ;  so  that  to  these  salts  a  common  structure,  but 

one  essentially  different  from  the  constitution  of  the  ordinary 

cobaltous  salts,  may  be  attributed. 

With  the  nickel  mits  no  such  anomalies  arc  exhibited.  Thus, 

e.ff.,  there  was  obtained  for  the  following  salts: — 

G.  M.  u. 

NiO,  2  Ko  0,3^2  03    0-5117         29-7         27-4 

NiO,  BaO,  Ko  0,  '6^2  0-,...  0-1224  24-9  27-9 
NiO,  SrO,  K„0,  3N0O3...  0-4088  25-5  27-9 
NiO,  CaO,  K2  0,  3N2  O3...  0-3919         23-4         28-2 

NiSO.!,  4NH3,  2Ho  0 0-5021         30-9         28-9 

NiO,  N2  O3,  4NH3 0-8341         59-9         29-1 

Ferric  chloride 0'1244         27-1       100 

From  previous  investigations  the  following  is  the  magnetism 

of  the  atom  of  nickel  in  the  salts 

NiS04,4XH3,  2H2O.... 29-1 

Ni(N03)2,  4NH3,  2H2O    28-0 

Considering  the  number  of  diamagnetic  substances  which, 
especially  in  the  four  salts  first  mentioned,  are  combined  with 
nickel,  the  diminution  of  the  magnetism,  compared  with  that 
of  the  ordinary  nickelous  salts  (30-5),  maj^  not  be  too  great. 
Therefore  we  cannot  assume  that  the  nitrous  double  salts  of 
nickel,  similarly  to  the  cobalt  salts  Avith  a  perfectly  analogous 
composition,  possess  a  constitution  essentially  different  from 
that  of  the  ordinary  nickelous  salts  ;  much  rather  do  they  at 
once  connect  themselves  with  the  latter.  Finally,  in  the  am- 
moniacal  salts  of  nickel  the  ammonia  may,  as  in  the  analo- 
gously composed  cobalt-salts,  bo  attached,  like  water  of  crys- 
tallization, to  the  unaltered  protoxide  salts  merely  by  a  mole- 
cular union. 

The  same  behaviour  is  exhibited  (as  I  have  previously 
shown)  by  the  cunmoniacal  cojjper-salts.  The  atomic  magne- 
tism of  tlie  copper  in  them  came  out  as  follows: — 

a.. 

Dissolved  cupric  salts 10-8 

CUSO4,  5NH3 9-3 

CUSO4,  NH3 9-7 

CUSO4,  4NH3,  H2O    9-0 

CUSO4,  2NH3 9-6 

CuCls,  2NH3    10-1 

CuBr2,  2NH3  9-8 

According  to  this  the  view  of  Graham  *,  that  copper  replaced 
*  Ann.  d.  Chem,  «.  Phartn.  vol.  xxix,  p.  29. 
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a  portion  of  the  hydrogon  of  the  aniiiionium  group,  and  con- 
sequently the  salts  were  composed  similarly  to  the  cobalt- 
ammonium  salts,  and  therefore  perhaps 

TT 

CuSO,'  +  2NH3=^Cu,  SO,, 

TT 

CuS04  +  5NH3=CuSO,  +  ^CuS04  +  3NH3, 

H3 

represented  their  composition,  is  untenable.  It  is  much  more 
probable  that  here  also  the  annnonia,  similarly  to  water  of 
crystallization,  attaches  itself  to  the  unaltered  group  of  the 
cupric  salt. 

The  peculiar  violet  compound  obtained  when  freshly  preci- 
pitated chromic  oxide  is  dissolved  in  annnonia,  and  the  solu- 
tion, mixed  with  excess  of  hydrochloric  acid,  slowly  evapo- 
rated to  crystallization,  is  sometimes  regarded  as  the  salt  of  a 
proper  chromium  base  similar  to  the  platinum  bases,  as  tetra- 
mine  chromic  chloride  Cr  (NHg),  CI3  +  H2  0.  The  magnetic 
investigation  of  the  solid  salt  gave  the  following  results : — 

G.  M.  «. 

Ammonio-chromic  chloride  ...  0*G41)2     Gl'S       42*4 
Ferric  chloride  0-1244     2r)-l     100, 

while  the  atomic  magnetism  of  the  chromium  in  the  ordinary 
chromic  salts  is  equal  to  41'9.  Hence  in  ammonio-chromio 
chloride  the  chromium  exhibits  the  same  deportment  as  in  the 
chromic  salts.  Here,  too,  we  cannot  assume  that  the  atom- 
group  containing  the  chromium  is  essentially  other  than  in 
the  latter;  and  we  are  compelled  to  attribute  to  the  annnonia 
a  similar  part  as  to  the  water  of  hydrates — precisely  as  in  the 
ammoniacal  nickel-  and  copper-salts.  The  fornmla  of  the  salt 
should  accordingly  be  written: — Org  Cle,  8NH3,  2  H2  0. 

18.  Dissociation. — It  is  known  that  a  number  of  ferric  salts  in 
their  solutions  undergo  dissociation,  at  a  lower  or  hiolier  tcm- 
perature,  into  colloid  ferric  oxide  and  acid.  We  have  already 
(p.  172)  mentioned  that  by  the  determination  of  the  magne- 
tism of  these  salts  their  partial  dissociation  can  be  quantita- 
tively verified.  If  m^^  is  the  magnetism  of  unit  weight  of  iron 
in  the  solid  salts  or  in  those  present  in  a  very  acid  solution 
and  not  dissociated,  ?»i  the  magnetism  of  unit  weight  of  iron 
in  the  colloid  solution  of  ferric  oxide,  m  the  maonetism  of  unit 
weight  of  iron  in  the  solution  of  a  partially  dissociated  salt  in 
which  the  quantity  of  the  ferric  oxide  combined  with  the  acid 
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is  to  the  colloidally  dissolved  free  oxide  as  l—.v  :  .v,  then  is 

m  =  ?no(l  — a;)  +  mi,i\ 
Since  the  magnetism  nii  of  the  colloid  ferric  oxide  is  only 
0*2 198  of  the  magnetism  ?»o  of  the  oxide  in  combination  ^Yith 
acid,  therefore 

..=i-28ri-^\ 

Consequently  by  determining  the  magnetism  we  can  directly 
determine  the  ratio  a-  :  1  of  the  quantity  of  ferric  oxide  disso- 
ciated to  the  total  quantity  of  it  in  the  salt. 

In  this  manner  the  mao;netism  of  the  unit  weight  of  iron  in 
variously  dilute  solutions  of  ferric  chloride  was  observed,  with 
the  following  results: — 

Series  I.  Series  II. 


Iron  in  10  c.  c. 

Iron  in  10  c.  c. 

of  solution. 

OTl. 

(l-.r)lOO. 

of  solution. 

(1-0-)  1 

grm. 

grm. 

1-606 

99-6 

100 

1-491 

100-8 

1-207 

101-7 

100 

1-119 

99-5 

0-806 

98-7 

98-4 

•    0-747 

98-0 

0-404 

94-8 

97-6 

0-375 

95-1 

0-202 

93-1 

93-4 

0-184 

93-6 

0-138 

91-3 

91-1 

0-129 

91-5 

0-071 

102-1 

88-4 

0-062 

88-8 

In  the  experiments  of  series  II.,  3-1  per  cent,  more  of  the 
ferric  oxide  than  corresponded  to  equivalence  with  the  acid 
present  (according  to  the  analysis  of  the  most  concentrated 
solution)  was  already  contained  in  the  colloid  state.  There- 
fore dissociation  in  ferric-chloride  solutions  proceeds  slowly 
with  increasing  dilution. 

The  case  is  different  with  neutral  solutions  o?  ferric  sulphate 
(Fcg  (804)3).  Ill  them  the  magnetism  of  the  iron  atom  is 
perhaps  only  80  per  cent,  of  that  of  the  atom  of  iron  in  very 
acid  solutions  of  ferric  chloride.  The  ratio  hardly  changes 
even  when  the  iron  contained  in  the  solutions  varies  from 
0-567  to  0-073  gram,  in  10  cubic  centims.  From  this  it  is 
calculated  that  about  25  per  cent,  of  the  salt  in  the  solutions 
has  become  dissociated  into  colloidally  dissolved  ferric  oxide 
and  sulphuric  acid,  and  only  75  per  cent,  of  the  total  quantity 
of  the  ferric  oxide  and  sulphuric  acid  remain  combined  with 
one  another. 

If  a  solution  of  ammoniuni  iron-alum  be  investigated  as  lo 
its  magnetism,  it  is  found  that  the  ferric  sulphate  contained  in 
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the  alum,  quite  iudepeudently  of  tlie'presence  of  tlie  sulphate 
of  ammonium,  is  dissociated,  as  when  by  itself,  to  the  amount 
of  25  per  cent.  It  is  consequently  in  the  highest  degree  pro- 
bable that  the  iron-alum  in  the  solution  is  completely  decom- 
posed into  alkaline  and  ferric  sulphates. 

In  a  solution  of  ferric  nitrate  -which  in  10  cubic  centims. 
contained  0*2()6  gram  of  iron,  and  to  one  eq.  of  Fe2  O3  0'73  eq. 
of  3  N2  0.,  (being  therefore  basic),  according  to  the  magnetic 
investigation  about  32  per  cent,  of  the  total  amount  of  iron 
was  dissolved  as  colloid  ferric  oxide.  This  proportion  was 
increased  to  only  36  per  cent,  on  diluting  the  solution  to  three 
times  its  original  quantity. 

Solutions  0^  ferric  acetate  exhibit  a  dissociation  far  stronger 
still.  In  a  neutral  solution  containing  0*182  gram,  of  iron  in 
10  cubic  centims.  nearly  70  per  cent,  of  the  total  ferric  oxide 
was  in  the  colloid  state ;  in  neutral  solutions  of  ferric  tartrate 
about  57  per  cent,  of  the  salt  is  dissociated,  and  so  forth. 

19.  Comhining-proportions  of  Acids  and  Bases. — If  to  one 
equivalent  of  ferric  oxide  different  quantities  of  dilute  sulphuric 
acid  be  put,  with  increase  of  the  latter  continually  greater 
quantities  of  ferric  oxide  enter  into  combination,  as  may  be 
calculated  direct  from  the  magnetism  of  the  unit  of  weight  of 
iron  in  the  solutions. 

If  we  write  neutral  ferric  sulphate  re2,  3SO.i  =  feO  SO3, 
and  if  the  ratio  of  the  equivalents  fe  and  SO3  is  as  stated  in  the 
following  Table,  the  percentages  of  the  dissociated  ferric  oxide 
are  those  specified  under  x.  Dividing  the  values  100— A', 
consequently  the  percentages  of  ferric  oxide  which  have  com- 
bined Avith  the  acid  to  form  salt,  by  the  total  number  of  equi- 
valents of  acid  employed  in  the  ex})eriment,  we  obtain  the 
values  specified  under  ij,  which  therefore  indicate  the  number 
of  equivalents  of  ferric  oxide  taken  into  combination  by  each 
equivalent  of  acid  in  the  solution,  thus: — 


Iron  contained  iu  f 

10  cub.  centims. 
gram. 

0-343  100 

0-339  

0-334  

0-329  

0-325  

0-315  

0-304  

0-293  


I. 

» 

so. 

X. 

y- 

73-4 

58-7 

0-56 

85-1 

37-9 

0-73 

98-6 

26-9 

0-74 

111-5 

14-5 

0-76 

122-8 

12-2 

0-71 

146-6 

8-3 

0-63 

182-8 

5-9 

0-51 

219-6 

1-9 

0-45 
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11. 

Iron  contained  in 

10  cub.  centims.  fe :  SO3.                 x.               y. 
gram. 

0'G03  100:    75-9  53-2  0-62 

0-589  84-0  45-2  0-65 

0-577  92-6  33-2  0-72 

0-5G6  99-6  25-5  0-75 

0-560  103-8  19-6  0-77 

0-554  108-2  18-4  0-75 

0-540  117-6  13-8  0-71 

0-515  135-2  10-7  0-66 

0-494  153-1          7-4  0-60 

From  these  observations  it  follows: — 

(1)  If  to  a  watery  solution  of  colloid  ferric  oxide  in  a  little 
sulphuric  acid  continually  larger  amounts  of  hydrate  of  sul- 
phuric acid  be  added,  the  quantity  of  ferric  sulphate  in  the 
solution  gradually  increases,  while  a  portion  of  the  colloid 
oxide  and  a  part  of  the  sulphuric  acid  persist  uncombined 
beside  it.  Even  lolien  the  quantities  of  suljohnric  acid  and  ferric 
oxide  correspond  to  the  same  mnnher  of  equivalents,  only  about 
75  per  cent,  of  them  are  combined,  while  25  per  cent,  of  the 
equivalents  of  suljyhttric  acid  and  ferric  oxide  arc  free  in  the 
solution.  If  the  amount  of  sulphuric  acid  is  less  than  corre- 
sponds to  one  equivalent  of  the  dissolved  ferric  oxide,  then  the 
quantity  of  ferric  sulphate  formed  increases  at  first  somewhat 
more  slowly  than  corresponds  to  the  accession  of  sulphuric 
acid,  then  gradually  approaches  a  maximum ;  so  that  half  an 
equivalent  of  acid  added  to  the  solution  besides  the  first  engages 
about  15  per  cent,  more,  a  furtl.er  half-equivalent  about  4  per 
cent,  more,  of  the  equivalent  of  feri'ic  oxide.  On  employing 
about  4  equivalents  of  sulphuric  acid  to  1  equivalent  of  ferric 
oxide,  nearly  all  the  oxide  combines  with  the  acid ;  the  maxi- 
mum is  so  nearly  reached  that  the  deviation  from  it  is  covered 
by  the  errors  of  observation. 

(2)  With  variation  of  the  water-content  of  the  solutions, 
whether  the  same  number  of  equivalents  of  ferric  oxide  and 
sulphuric  acid  or  different  proportions  of  then:i  be  employed, 
the  proportion  of  the  ferric  sulphate  formed,  on  the  one  hand, 
and  of  the  free  acid  and  free  oxide,  on  the  other,  do  not  change 
very  considerably.  From  this  proposition,  if  it  may  be  ex- 
tended beyond  the  limits  of  the  experiments,  it  follows  directly 
that,  if  on  the  employment  of  equal  numbers  of  equivalents  of 
base  and  acid  the  salt  formed  were  insoluble  (instead  of  being 
soluble  like  ferric  sulphate),  after  the  separation  of  the  formed 
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portion  of  it  from  the  remaining  quantity  of  free  base  and  acid, 
nearly  the  same  percentage  would  again  combine  to  form  a 
.salt  as  before.  This  portion  Avould  also  be  precipitated  ;  and 
the:  process  -svould'go  on  in  the  same  manner,  until  all  the  base 
and  acid  had  com])ined  and  formed  an  insolul)lc  salt. 

(3)  On  employing  increasing  quantities  of  acid  to  1  equiva- 
lent of  ferric  oxide,  the  amount  of  free  acid  in  the  solution 
first  diminishes  until  the  total  quantity  of  the  (free  and  com- 
bined) acid  in  the  solution  amounts  to  somewhat  more  than 
one  equivalent.  With  a  further  increasing  total  quantity  of 
acid  in  the  solution  the  amount  of  the  free  acid  increases. 

(4)  If  we  divide  the  quantity  of  ferric  sulphate  formed  when 
one  equivalent  of  ferric  oxide  is  employed,  by  the  number  of 
equivalents  of  acid  used,  we  obtain  the  remarkable  result,  that 
the  a)nount  of  ferric  oxide  combined  tcith  the  same  quantity 
(1  eq^  of  the  acid  is  the  greatest  when  the  acid  in  the  solution 
amounts  to  someichat  more  than  1  equivalent  to  1  equivalent  of 
ferric  oxide.  When  the  acid  is  in  larger  quantity  the  amount 
of  ferric  oxide  combined  with  1  equivalent  of  acid  is,  as  was 
to  be  expected,  smaller.  (Yfith  indefinitely  much  acid  it 
would  be  indefinitely  little.)  The  same  relation,  however, 
enters  with  smaller  quantities  of  acid,  where,  on  the  contrary, 
one  would  a  j^^'iori  suppose  that,  an  excess  of  ferric  oxide 
being  present,  the  acid  would  in  greater  measure  be  saturated 
with  it. 

Similar  results  are  obtained  with  solutions  of  ferric  nitrate 
containing  different  proportions  of  nitric  acid.  Thus,  accord- 
ing to  the  preceding  experiments: — 

Iron  in  100  fe:N.,0,.  x.  v 
CUD.  centims. 

0-479  100  :    73  31-1)  0-93 

0-2GG  103  18-8  0-79 

0-185  132  8-2  0-69 

0-139  164  6-7  0-57 

0-111  197  5-0  0-48 

In  a  solution  containing  about  equal  numbers  of  equivalents 
of  ferric  oxide  and  nitric  acid,  therefore,  about  19  per  cent,  of 
the  total  amount  of  iron  in  the  solution  is  present  in  the  un- 
combined  state,  together  with  free  acid ;  and  the  percentage 
falls,  on  the  addition  of  1  eq.  more  of  nitric  acid,  to  from  5  to 
G  per  cent.  With  these  solutions  a  diminution  of  the  value  y 
with  less  content  of  acid  does  not  appear  to  enter ;  to  decide 
this  point,  however,  further  observations  shall  be  instituted. 

It  is  evident  that,  if  the  alteration  of  the  magnetism  with 
the  temperature  be  determined  for  a  solution  of  colloid  ferric 

Vhil.  Mag.  S.  5.  Vol.  4.  No.  25.  Oct.  1877.  U 


290     On  the  Magnetic  Behaviour  of  Chemical  Compounds. 

oxide,  as  well  as  for  a  very  acid  solution  of  ferric  chloride, 
tlie  increase  of  dissociation  with  a  rising  temperature  can  also 
be  directly  determined  by  observation  of  the  magnetism  of 
neutral  and  other  iron-solutions  at  ditferent  temperatures. 
But  these  experiments,  like  all  the  other  magnetic  observa- 
tions on  dissociation,  present  the  difficulty  that  very  precise 
observations  are  needed  in  order  to  obtain  accurate  results, 
since  small  errors  in  the  determination  of  the  magnetism  have 
a  great  effect.  On  this,  too,  I  reserve  to  myself  a  further 
communi  cati  on . 

If  with  the  solution  of  a  ferric  salt  that  of  another  salt,  of  a 
different  acid,  be  mixed,  a  partial  exchange  of  the  constituents 
of  the  two  salts  takes  place.  If  the  dissociation  undergone 
by  the  newly  formed  iron-salt  in  the  solution  be  different  from 
that  of  the  first  employed,  we  can,  from  the  alteration  of  the 
mao'netisra  belontrino;  to  the  unit  weight  of  iron  in  the  solu- 
tion,  first  calculate  the  quantity  of  ferric  oxide  newly  disso- 
ciated. In  this  way  solutions  of  various  sulphates  were 
mixed  with  a  solution  of  ferric  chloride,  which  with  not  too 
great  a  dilution  is  scarcely  dissociated.  In  the  accompanying 
Table,  under  m  is  given  the  magnetism  of  the  unit  weight  of 
iron  in  the  mixture  in  percentages  of  that  of  the  iron  in  non- 
dissociated  iron-salts,  under  x  the  percentage  amount  of  the 
dissociated  ferric  oxide: — 

1  eq.  ferric  chloride  with  eq.  m.  x. 

Sulphate  of  soda i  89*3  13*7 

,,         „  i  82*9  21*9 

„         „  2  78*7  27*3 

Sulphate  of  magnesia ^  91*6  10"8 

„         „  i  85*8  18*2 

„         „  2  83*7  20*9 

Zincic  sulphate   ^  88*3  15*0 

„         „  i  85*3  18*8 

„         .  2  81*4  23*8 

Cupric  sulphate  4  93*4  8*5 

„         „  1  89*2  13*8 

„         „  2  84*7  19*6 

Cobaltous  sulphate i  95*6  5*6 

„  „  i  88*0  15*4 

Nickelous  sulphate h  92*1  5*0 

„  „  1  86*8  16*9 

If  we  might  assume  that  the  ferric  chloride  which  is  not 
converted  into  ferric  sulphate,  even  after  the  mixing  is  still 
contained  undecomposed  in  the  solution  now  poorer  in  ferric 
chloride,  and  that  the  ferric  sulphate  formed  has,  to  the  amount 
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of  25  per  cent.,  been  dissociated,  tlie  quantity  of  the  latter 
formed  would  be  obtained  directly  from  the  value  x.  These 
assumptions,  however,  are  not  strictly  correct ;  and,  moreover, 
the  acid  and  base  resulting  from  the  dissociation  might  act 
i'urther  upon  the  other  constituents  of  the  solution,  and  conse- 
quently a  change  in  the  combining-proportions  might  ensue. 
Leipzig,  October  1870. 

XXXVIII.  On  the  Nehular  IIi/j>otJicsis. — VI.  Momentum  and 
Vis  viva.  By  Pliny  Earle  Chase,  LL.D.,  S.F.A.S., 
Professor  of  Philosophy  in  Haverford  CoUerje. 

[Contiuued  from  vol.  iii.   p.  211.] 

IT  is  often  more  ditticult  to  grasp  truths  which  are  presented 
under  new  aspects  than  those  which  are  clothed  in  fami- 
liar garbs.  It  may  therefore  bo  well  to  glance  at  some  of  the 
most  obvious  tendencies  to  nodal  action  which  result  from 
simple  gravitating  fall  towards  a  centre.  The  examination 
will  be  the  more  interesting  and  suggestive,  because  like  ten- 
dencies must  exist  in  all  central  forces  which  vary  inversely 
as  the  square  of  the  distance. 

Ennis*  has  called  attention  to  the  fact  that  the  difference 
between  the  velocity  of  infinite  radial  fall  (\/2[/r)  and  cir- 
cular-orbital velocity  (.V/zr)  must  bo  accounted  for  in  some 
way;  and  he  thinks  that  it  may  be  sufficient  to  explain  all  the 
phenomena  of  planetary  rotation  and  revolution.     In  nebular 

r 


condensation  from  r  to  -  the  increase  of  radial  velocity  is 
(syn—l)'^"2<jr;  the  circular-orbital  velocity  at  -  is    s/n(jri 


n 

r 
n 

therefore  the  increment  of  radial  velocity  would  bo  sufficient 
to  produce  orbital  velocity,  in  the  periphery  of  an  originally 
stationary  nebula,  when  (^^J n  — 1)^/2=  s/n;  and 

.-.  n=,^|—,  =11-65684. 

If  r  be  made  to  represent  successively  all  points  between  se- 
cular aphelion  and  secular  perihelion  in  the  hypothetical  nebu- 
lous belts  which  w'ere  condensed  into  Neptune,  Uranus, 
Saturn,  and  Jupiter,  this  fall  of  condensation  from  Neptune 
would  give  orbital  velocities  in  the  Asteroidal  belt;  from 
Uranus,  in  the  Mars  belt;  from  Saturn,  in  the  Venus  belt; 
and  from  Jupiter,  in  the  Mercury  belt.  Earth,  as  I  have 
already  shown,  is  at  the  centre  of  the  primitive  inter-asteroidal 

•  Phil.  Mag-.  April  1877,  pp.  202  sqq. 
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belt,  which  appears  to  have  been  thus  broken  up  by  the  action  of 
Uranus,  Saturn,  and  Jupiter.  By  estimating  the  condensation 
from  Neptune's  mean  distance,  and  from  secular  limits  of  Ura- 
nus, Saturn,  and  Jupiter,  we  find  the  following  accordances: — 

Neptune  ...   -^n  =  2*577  Astrsea  =2*577 

Uranus  s.  p. *-^?i  =  1*517  Mars =1*524 

Saturn  s.  p.    -hn=   *749  Venus  a.*...  =    *749 

Jupiter  s.  a.   -^?i=   •473  Mercury  s.  a.  =   '477 

This  leaves  the  orbital  velocities  of  the  four  outer  planets  to 
be  accounted  for  by  like  condensation  from  an  earlier  nebu- 
lous condition  of  which  we  have  no  present  visible  evidence ; 
but  if  the  main  hypothesis  is  correct,  we  may  reasonably  look 
for  confirmation  of  a  dift'erent  kind  within  the  present  limits 
of  the  solar  system.  If  we  consider  the  vis  viva  of  orbital  and 
of  radial  velocity  for  unit  of  mass,  the  vis  viva  added  by  radial 

fall  from  r  to  is  (ni  —  l)gr,  while  the  vis  ru'«  added  by  equi- 
valent orbital  contraction  is  only  i{m  —  1)^?',  or  one  half  of 
the  radial  addition.     A  simple  nebular  condensation  from  r  to 

—  would  therefore  add  (jr  to  the  vis  viva,  which  is  equivalent 
to  the  vis  viva  of  circular-orbital  revolution  at  -.     There  is 

therefore  a  tendency  to  repeated  nebular  rupture  at  ^j  -•>  o, ...  9^* 

Starting  from  the  present  outer  limit  of  our  system,  Nep- 
tune's secular  aphelion,  these  rupturing-nodes  would  occur  at 
15*235,  7*G17,  3*809,  1*904,  -952,  *470,  *238 !  The  first  belt 
would  include  Neptune  and  Uranus  ;  the  second,  Saturn  ;  the 
third,  Jupiter  ;  the  fourth,  the  Asteroids ;  the  fifth,  Mars  and 
Earth ;  the  sixth,  Venus  (grazing  also  the  Earth  and  Mercury 
belts)  ;  the  seventh.  Mercury. 

After  the  nebula  had  assumed  a  globular  form,  these  rup- 
turing nodes  would  occasion  constant  tendencies,  from  oppo- 
site extremities  of  every  diameter,  to  the  formation  of  confocal 

elliptic  orbits,  with  major  axes  of  —  and  minor  axes  of  v/8r. 

9;. 

Those  ellipses  would  mutually  intersect  at  — ,  thus  tending, 

o 

through  collision  of  particles,  to  form  a  belt  at  that  distance 

from  the  centre.     The  vis  viva  communicated  by  simj)]e  fall 

2r 
from  r  to  -7r  =  if^/}',  which  is  equivalent  to  vis  viva  of  circular- 
o 

•  a.,  moan  iiphelioii ;  s.  a.,  secular  aplielion;  s.  p.,  secular  pciilieliou. 
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orbital  revolution  at  r,  and  also  to  the  orbital  vis  viva  gained  by 

contraction  from  r  to  -.     The  internal  motions  and  collisions 

of  the  particles  of  the  belt  ^v()ul(l  I'avonr  a  condensation  of  tlie 

densest  and  comparatively  inelastic  materials,  until  the  whole 

11  •      1  Ai  1  -i.  1     •       •       f/r  +  2fjr       '6qr       ,  .  , 

liad  acquu'ed  tlie  mean  orbital  vis  viva,  -—.--    =    .   j  which 

is  the  normal  orbital  vis  viva,  at  the  nodes  of  acrcrreo-atinn:  col- 

.  .       2r 
lision,  ,Y'     The  following  Table  exhibits  the  double  tendency, 

to  nebular  rupture  and  to  nebular  aggregation,  starting 
from  the  point  which  would  account  for  the  orbital  velocity  of 
Neptune.  The  approximation  of  "  B  "  to  the  planetary  dis- 
tance which  would  satisfy  Bode's  law,  and  the  indications  of 
Neptunian  aggregation  during  direct  fall  towards  the  centre, 
lend  new  confirmation  to  the  views  Avhich  I  have  already  ex- 
pressed in  regard  to  the  rationale  of  Bode's  law  and  the  rela- 
tive masses  of  the  two  outer  planets : — 

Secondary  nodes. 

40-626 

20-313 

10-157 

5-078 


Planets. 

"B"    =38-8 
S  s.  a.  =20-68 
h  s.a.  =10-34 
V.  s.  p.  =  4-89 

The  following  Tables  exhibit  some  of  the  modifying  influ- 
ences of  other  simple  nodes: — 


Rupturing-nodes, 

2  X  \1>  s.  a.  60-939 

■yr  s.  a.  30-470 

1        „   „  15-235 

J-        „   „     7-617 


i^ 


I-OIG 

^®  -GOZ 

k  5  -482 

i^  s.a.     -318 


?  s.  p. 
^  s.  a. 
?  s.  p. 


1000 
•072 
•477 
•297 


hi 

3®  s.  p. 
I®  s.  p. 


•702 
•077 
•460 

•;3ll 


2  s.a.  -774 

2  s.  p.  -072 

9  s.  a.  -477 

^  s.  p.  -297 


In  the  intra-astoroidal  belt  and  ellipse,  which  are  bounded 
by  c?  sec.  aph.  and  $  sec.  per.,  we  find 


Earth  1-000 

Venus -723. 


Middle  of  belt  1-017 

„        ellipse  ...     -719 

Ju[)lter  is  similarly  situated  in  reference  to  the  Neptune- 
Uranian  and  the  Uranus-Saturnian  ellipses: — 

Middle  of  T^  s.  a.  S  s.  a.  4-895 

„         M>  s.  p.  6         r,-207 

■y  8.  a.  S         5-643 


Middle  of®  h  4^822 

„         Qh  s.  p.  5-22o 
„        S  s.  a.  h  O"o70 


h  s.  p.  4-886 
h  5-203 

h  s.  a.  5-619 


Saturn  is  similarly  situated  in  reference  to  the  Neptune- 
Saturnian  and  Sun-Uranian  ellipses: — 


Mid.  O  6  s-  P-   ^'^-^-^ 
„     o5  9-592 

„     O  6  8.  a.  10-340 


Mid.  h  8.  a.  "!!>  a.  p.    9-628 
„     h  3.  p.  f  s.  p.  10-432 


h  s.  p.    8-734 
h  s.  a.  10^343 
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There  are  doubtless  many  other  results  of  early  interorbital 
action,  especially  in  connexion  with  collisions  in  confocal 
ellipses,  which  would  furnish  interesting  subjects  of  investi- 
gation. For  example,  when  the  Jupiter  belt  was  completely 
severed  (v-  sec.  per.),  and  the  Earth  and  Venus  bolts  were 
beginning  to  form  (sec.  aph.),  the  eUiptic  orbital  collisions 
were  near  the  limits  of  the  Mars  belt : — 

Ell.  coll.  V-  s.  p.  ®  s.  a.  1-753         c?  s.  a.    1-736 
„        2/.  s.  p.  2  s.  a.  1-337         <?  s.  p.    1-311 

If  we  take  the  radius  of  nebular  rupturing-fall  for  the  sur- 
face of  Sun's  homogeneous  luminiferous  atmosphere  (2  x  light- 
modulus),  and  reduce  it  in  the  ratio  of  mean  radially  varying 

to  uniform  circular  velocity  (— )*?    rupturing-nodes  (^)  and 

falls   of  condensation    (1  -=- 11-656854)    give   the   following- 
Table  :— 

1st  2nd  T-,  3rd  -o 

e.  lall.       c,  fall.  c.  lall. 

2  M-f(-X  11-6569)  =240-84     20-07        3  s.  a.  2008     1-77      c?  s.  a.  174 

M-^  „  120-42  10-33  h  s.  a.  10'34       -89      e    .  p.     -93 

i  M-r  „  60-21  5-17  V-            5-20       -44      ^  s.  a.     -48 

|M^  „  30-lOt  2-59  Ast.         2-59 

i  M-f-  „  15-05  1-29  6  s.  p.    1-31 

T-VM-^  „  7-53  -Go  $  s.  p.      -07 

This  seems  to  point,  like  the  Neptune-Saturnian  ellipse  in 
a  previous  comparison,  and  like  the  present  comparatively 
nebulous  condition  of  Saturn  itself,  to  Saturn  as  an  important 
centre  of  early  ring-aggregation,  as  if  our  nebula  were  at  first 
a  ring-vortex.  The  indication  is  confirmed  by  the  similar 
densities  of  Saturn  and  Neptune,  the  similar  densities  of 
Uranus,  Jupiter,  and  Sun,  the  fact  that  "  these  four  planets 
ibrm  a  system  by  themselves  "which  is  practically  independent 
of  the  other  planets  of  the  system  "|,  and  the  present  ap- 
proximate accordance  between  the  transit  of  light  through  the 
Uranus-Telluric  major  axis  and  the  time  of  planetary  revolu- 
tion at  Sun's  surface. 

The  peculiar  indication  of  the  Uranus-Telluric  belt,  the  cen- 
tral position  of  Earth  in  the  belt  of  greatest  density,  and  the 

*  If  8ynclironous  undulations  are  intercepted  by  an  obstacle,  so  as  to 

produce  accelerated  motion  towards  a  centre,  tlie  mean  radius  of  variable 

2  • 

motion  is  -  of  the  radius  of  corresponding  uniform  motion. 

TT 

t  "^is  30-03.         "  t  Stockwell,  '  Smiths.  Oontr.' 232.  xiii. 
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absence  of  any  explicit  indications  of  our  planet  in  most  of  tlio 
foregoing  comparisons  suggest  the  possibility  that  its  {)lace 
may  have  been  fixed  by  u  special  law.  Its  secular  perihelion 
(•932)  is  near  the  fifth  rupturing-node  of  Neptune  (30'034-i- 
2-'  = -939). 

The  stellar-solar  parabola*  points  to  a  time  when  a  Centauri 
may  have  been  at  a  nebular  rupturing-point  relatively  to  the 

Sun.     The  extreme  estimates  for  -  a  Centauri  are  28905200 

TT 

and  30895100  solar  radii.  The  seventh  fall  of  condensation 
(l-r-ll*G56854)^  Avould  give  '988  and  1-05G,  showing  a  close- 
ness of  approximation  to  the  present  solar  radius  which  can 
hardly  bo  thought  accidental.  As  there  are  two  condensation- 
falls  between  -  Earth  and  Sun,  there  are  five  falls  between 

TT 

a  Centauri  and  Earth,  the  extreme  estimates  for  «  Centauri 
-;- 11- 056854'^  being  -982  and  1*049  times  Earth's  radius  vector. 
Both  of  these  points  are  within  the  Earth  belt  (sec.  per.  =  "932, 
sec.  aph.  =  l-0()8). 

Neptune's  secular  eccentricity  seems  to  have  been  deter- 
mined by  the  combined  influence  of  condensation-fal],  orbital 
collision,  and  rupturing-nodes  ;  for  Neptune's  secular  peri- 
helion -?-ll-G56854  =  2-53912,  fsec.  aph.  -f-2=^  =  2*53913. 

The  Gegemehein,  and  other  indications  that  the  zodiacal 
light  may  come  from  the  remains  of  an  early  terrestrial  ring, 
may  lead  us  to  look  for  evidences  of  residuary  nebular  activity 
in  some  of  the  outer  planets.  A  radial  oscillation  at  Uranus's 
secular  aphelion  would  be  accomplished  in  10'33965  =  33'247 
years,  a  circular  revolution  at  Saturn's  sec.  aph.  in  10*3433^ 
=  33'2G5  years,  a  circular  revolution  at  Jupiter's  mean 
perihelion  in  4"97822  =  11-108  years.  The  November 
meteoric  cycle  is  33*25  years  ;  the  A  Vol  f  sun-spot  cycle  11*07 
years. 

There  is  a  noteworlhy  numerical  correspondence  between 
the  seven  rupturing-nodes  within  tlio  planetary  belt  and  the 

seven  condensation-falls  from  a  Centauri  to  —  Sun.     Tlie  fifth 

node  and  the  fifth  fall  both  come  within  the  Earth  belt. 

If  we  suppose  seven  successive  transformations  of  uniform 
into  variable  velocity  before  the  determination  of  the  present 
solar  mass  and  light-modulus,  and  five  condensation-falls 
(?i=ll*G5G854)  after  each  transformation,  we  find  the  follow- 
ing approximations: — 

*  IV.  TT,  Phil.  Mag.  Sept.  1876. 
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7r^M-=-n^'  = 

30-941 

Y  sec.  a])h. 

30^470 

7r''M^  „ 

9-849 

h 

9-548 

TT-^M^    „ 

3-135 

Hyoeia. 

3-121 

TT^M^    „ 

•998* 

® 

1-000 

ttHI^  „ 

•318 

y  sec.  per. 

-297 

TT^M-^    „ 

-101 

IT   M-H    „ 

•032 

The  probabihty  of  undulatory  gravitating  action  is  increased 
by  the  investigations  of  Bjerknes,  who  lias  shown  {Comjifes 
Rendus,  Ixxxiv.  p.  1377)  that  two  spheres  having  concordant 
pulsations  attract  each  other  inversely  as  the  square  of  the 
distance,  and  that  they  repel  each  other  according  to  the 
same  law  if  their  pulsations  are  opposed. 

The  use  of  the  parabola  f  in  representing  expanding  action 
is  recognized  by  H.  Saintc-Claire  Deville,  who  states,  in  con- 
sidering cases  where  the  vajjour-densities  vary  with  the  tempe- 
rature (Comptcs  Iiendns,\xxx\Y.  p.  1257),  that  "the  move- 
ment of  a  material  ])oint  may  be  accurately  enough  represented 
by  a  parabolic  function  of  the  second  degree  already  employed 
by  M.  Fizeau."  Deville  hopes  to  employ  the  resulting  rela- 
tions usefully  in  expounding  some  principles  of  Thermo- 
chemistry. 

The  hypothesis  that  the  radial  vis  viva  of  mean  rectilineal 
velocity  may  be  taken  as  the  representation  of  increments  of 
heat  under  constant  volume,  while  the  radial  vis  viva  of  syn- 
chronous constant  velocity  will  represent  simultaneous  incre- 
ments of  heat  under  constant  pressure  |,  assumes  that  the 
gaseous  condition  is  perfect.  W.  M.  Hicks  (Phil.  Mag.  June 
1877)  says: — "If,  then,  the  two  atoms  of  a  molecule  become 
separated,  there  seem  only  two  ways  of  accounting  for  it : 
either  their  relative  motion  becomes  so  large  as  to  overcome 
the  force  of  attraction;  or  some  external  force  must  act  upon 
them,  which  can  be  nothing  else  than  a  reaction  between  them 
and  some  other  molecule.  The  latter  is  the  hypothesis  I  have 
adopted  in  the  following  investigation."  Under  this  hyj)o- 
thesis,  by  taking  the  potential  energy  of  combination  of  a 
single  molecule  at  its  upper  limit  and  with  special  temj)era- 

ture-couditions,  he  obtains  —=1-423  ;  my  own  ratio,  deduced 

from  his  former  hypothesis  (see  Phil.  Mag.  Sept.  187G,  y,  S) 

being  -  =  27r''^-f-(7r^  + 4)  =  1-4232.  If  this  coincidence  is  merely 

accidental,  it  is  very  curious.     It  seems,  as  I  think,  to  justify 

*  7r*M=  distance  of  «  Centauri.       t  Proc.  S.  Phil.  Amer.  xvi.  p.  507. 
X  Ibid.  xiv.  p.  G51.- 
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both  my  own  view  of  the  kinetic  energies  of  perfect  gases,  and 
Hicks's  view  of  the  importance  of  temperature-relations  in 
condensable  gases. 

The  variation  of  the  nucleal  radins  as  the  |  power  of  the 
atmospheric  radius  (Phil.  Mag.  Sept.  187G,  k)  may  furnish  a 
mechanical  explanation  of  results  which  seem  to  have  been 
obtained  independentlv,  and  nearly  simultaneously,  by  Silas 
W.  Holman  (Phil.  Mag.  Feb.  1877)  and  E.Warburg  (Pogg. 
Ann.  clix.  p.  415).  Ilolman  concludes,  from  the  results  of  a 
number  of  careful  ex[)criments,  that  the  "viscosity  of  air 
increases  proportionally  to  the  0*77  power  nearly  of  the  ab- 
solute teniDerature  between  0°  and   100°  C."     The  extreme 


range  of  his  results  is  -738  to  -799.  Warburg,  from  experi- 
ments both  with  hydrogen  and  with  a"r,  deduces  the  expo- 
nents between  20°  and  100°,  '76  for  air  (the  extremes  being 
•74  and  -70),  and  "  about  f "  for  hydrogen  (the  extremes 
being  '57  and  -65).  The  closeness,  the  narrow  range,  and  the 
mutual  confirmation  of  these  independent  results,  as  well  as 
the  new  analogy  between  molar  and  molecular  forces  Avhich 
seems  to  be  indicated  by  the  atmospheric  experiments,  are  all 
interesting.  The  viscous  particles,  so  far  as  they  are  affected 
by  the  same  movements,  may  be  compared  to  the  rotatmg 
particles  of  a  solid  nucleus ;  the  thermal  undulations,  in  a  sup- 
posed a^thereal  medium,  present  a  like  analogy  to  the  motions 
of  an  elastic  atmosphere.  The  well-known  anomalies  in  the 
elasticity  of  hydrogen  are  in  accordance  with  its  low  viscosity. 
Warburg's  extremes  (hydrogen  '57,  air  -76)  seem  to  indicate 
secondary  nucleal  and  atmospheric  relations  between  air  and 
hydrogen. 

In  my  identification  of  the  velocity  of  solar  dissociation  with 
the  velocity  of  light  (Phil.  Mag.  /.  c,  ^to  t  inclusive),  although 
the  conce[)tion  of  successive  wave-impulses  seems  most  natural, 
it  is  by  no  means  essential ;  if  the  pressure  of  the  ultimate 
force  is  constant,  the  result  is  the  same.  The  ratio  of  the  ve- 
locity of  dissociation  to  the  velocity  of  perfect  fluidity  (ib.,?;,^) 
is  approximately  illustrated  by  Draper's  estimate  of  the  ratio 
between  the  temperature  of  glow  (977°  F.,  or  1430°  from  ab- 
solute 0°),  and  the  temperature  of  fluidity  (32°  F.,  or  491° 
from  absolute  0°),  1430^491  =  2-9.  Here  complete  fluidity 
is  compared  Avith  incipient  glow.  The  ratio  tt  :  1  would  require 
an  additional  allowance  of  107°,  or  about  7-5  per  cent,  for  the 
difference  between  the  temperatures  of  complete  and  incipient 
glow,  and  for  other  considerations. 

Tlie  vis  viva  of  terrestrial  dissociation  being  equivalent  to 
half  the  vis  viva  of  incipient  planetary  dissociation  at  the  sun 
(ib.,  X,  fi,  v),  the  temperature-ratio  of  water-vaporization  to 
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dissociation  furnishes  another  illustration  of  a  similar  character. 
Deville  (^Co)npfes  Mendns,  Ixxxiv.  p.  1259)  says: — "My  first 
experiments  on  the  dissociation  of  water,  in  perfect  accord 
■with  those  which  M.  Bunsen  has  since  pul)lished,  demonstrate 
that  at  tem})eratures  of  2^)00°,  according  to  M.  Debray  and 
myself,  or  of  2800°,  according  to  the  illustrious  professor  of 
Heidelberg,  nearly  half  of  this  vapour  is  reduced  to  its  ele- 
ments, hydrogen  and  oxygen."  The  ratio  2800°  :  100°  agrees 
precisely  with  a  very  probable  estimate  of  the  ratio  between 
solar  and  terrestrial  superficial  attraction. 


XXXIX.    On  the  Seismic  Itesxdts  obtained  from  the  HaUet's- 
Point  Explosion. 

To  the  Editors  of  the  Philosophical  Mar/azine  and  Journal. 

Gentlemen, 
"TTTILL  you  allow  me  space  for  a  few  observations  upon 
»  V  some  of  the  results  of  the  great  explosion  of  Sept.  24, 
1876,  at  Hallet's  Point,  New-York  Harbour,  as  I  find  them 
recorded  in  a  printed  copy  of  a  paper  read  before  the  National 
Academy  of  Sciences  of  America,  Oct.  18,  1876,  and  before 
the  Essayons  Club  of  the  Corps  of  Engineers,  Nov.  14,  1876 
(vol.  xl.  of  ])rinted  papers).  For  a  copy  of  this  paper  by 
Major-General  Abbot,  U.S.  Engineers,  1  believe  I  have  been 
indebted  to  that  officer,  who  transmitted  it  through  my  son, 
Dr.  J.  W.  Mallet,  Professor  of  Chemistry,  University  of  Vir- 
o-inia,  some  time  since,  though  I  have  but  recently  been  able 
to  make  mvself  acquainted  with  its  contents.  While  the  pri- 
mary object  of  this  great  (^x[)losion  was  the  engineering  one 
of  destroying  the  reef,  which  appears  to  have  been  most  suc- 
cessfully accomplished,  a  subsidiary  object  of  a  purely  scientific 
character  Avas  sought  to  be  attained,  viz.  the  determination  of 
the  transit-velocity,  or  rate  of  progression,  of  the  elastic  wave 
of  shock  through  those  superficial  portions  of  the  earth's  crust 
adjacent  to  the  seat  of  explosion.  I  cannot  but  regret  that 
this  experiment  was  ever  attempted,  as  the  circumstances  of 
the  case  are  so  ill  suited  to  the  determination  of  so  deli- 
cate a  physical  question  as,  in  my  judgment,  to  be  rather 
calculated  to  retard  than  advance  our  knowledge  of  observa- 
tional seismology.  I  shall  not  presume  to  occupy  your  space 
by  recurring  to  the  details  of  the  arrangements  of  the  explo- 
sion, but  refer  such  of  your  readers  as  take  an  interest  in  the 
subject  to  Major-General  Abbot's  paper,  and  proceed  at  once 
to  remark: — 

It  is  of  primary  im'portance  to  any  accurate  determination  of 
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the  velocity  of  seismic-wave  transit  that  the  instant  of  genesis  of 
the  wave,  or  instant  at  which  during  the  period  of  genesis  the 
wave  whoso  transit-velocity  is  to  be  measured  starts,  should 
be  accurately  known  ;  and  for  this  the  impulse  generating  the 
wave  must  result  from  one  single  explosion  ;  and,  if  possible,  the 
commencement  of  movement  of  the  rock-mass  should  be  visible 
from  the  distant  time-observing-point  at  the  extremity  of  the 
measured  range.  Now  in  this  case  the  impulse  was  due,  not 
to  one  explosion,  but  to  thousands  of  small  charges  scattered 
in  various  directions  within  a  limited  but  considerable  distance 
from  each  other,  and  supposed  to  be  galvanically  fired  all  at 
the  same  instant,  as  no  doubt  they  were,  so  far  as  skilful 
arrangements  could  permit ;  but  however  apparently  simulta- 
neous as  judged  by  the  senses,  the  impulse  generated  by  such 
a  rapid  crackle  of  small  explosions  is  very  different  from  that 
produced  by  a  single  mass  of  an  explosive  agent,  or  even  by 
three  or  four  such  large  masses  exploded  very  near  each  other. 
I  conceive  it  therefore  impossible  with  sufficient  exactitude  to 
assign  the  instant  at  which  the  wave  of  shock  started  in  this 
instance ;  and  to  assume  the  appearance  of  disturbed  water 
above  the  seat  of  explosion,  or  the  shock  felt  from  th(;  ground 
closely  adjacent  to  it  as  marking  that  instant,  seems  to  me, 
in  either  choice,  to  neglect  many  sources  of  error. 

The  transit-rate  was  observed  at  four  points,  at  different 
distances  and  situated  at  A'arious  azimuths  and  under  very 
different  surface  conditions,  along  the  shores  of  the  bav  and  of 
the  river  Hudson.  As  to  the  results  of  observation  made  at 
each  of  these  four  stations,  viz.  (1)  Fresh-Pond  Junction, 
(2)  Willet's  Point,  (3)  Jamaica,  (4)  Springfield  Junction, 
situated  at  the  respective  distances  of  5'13i,  8-33,  9"333, 
12*769  miles  from  the  explosion,  it  is  startling  to  find  that 
there  is  not  even  a  near  approximation  to  agre(>ment  between 
them,  and  that  the  transit-velocity  given  by  No.  2  (8300  ft.) 
is  more  than  double  that  given  by  No.  1  (3873  ft.),  and 
nearly  double  that  given  by  No.  3  (4521  ft.),  while  No.  4 
(5309  ft.)  presents  a  velocity  which,  though  intermediate 
between  these  widely  sundered  extremes,  presents  no  sem- 
blance of  agreement  Avith  any  of  the  three  other  results. 
Of  the  two  experiments  which  present  some  semblance  of 
approach  to  agreement,  No  1  (3873  ft.)  and  No.  3  (4521  ft.), 
I  find  the  first  marked  as  questionable  (?)  ;  and  if  this  be 
thrown  out,  there  remains  not  even  a  semblance  of  agreement 
between  the  other  three  results.  I  am  therefore  compelled  to 
look  with  entire  distrust  upon  all  these  results.  In  every  case 
the  wave-transit  occurred  through  earth  covered  for  very  vari- 
able portions  of  the  entire  range  by  water  variously  in  motion. 
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and  clifFering  much  in  depth  at  various  parts.  Now,  as  seismic 
wave-transit  is  much  more  rapid  through  water  than  through 
any  known  rock  or  other  formation,  and  as  the  impulse  was 
transmitted  from  about  the  same  focus  through  the  water 
and  the  earth  it  ])artiallj  or  ■SA'holly  covered,  it  is  exceedingly 
improbable  that  the  rapid  rate  of  transit  in  the  water  should 
not  more  or  less  influence  that  through  the  rock  beneath. 
There  then  must  arise,  as  it  seems  to  me,  great  difficulty  in 
knowing  what  wave  it  was  that  the  observers  at  the  different  ex- 
tremities of  the  different  ranges  noticed  by  their  instruments. 
It  is  certain  that  no  two  of  the  observers  could  have  seen  the 
same  wave  under  like  modifications,  due  to  the  unlike  circum- 
stances of  transmission  in  the  different  respective  ranges. 

Nor,  amongst  the  numerous  sources  of  uncertainty  present, 
must  we  omit  to  notice  that  there  were  at  least  three  sets  of 
waves  generated  at  the  outset,  viz.  (1)  that  of  the  crackling 
explosion  itself,  (2)  that  of  the  fall  of  the  dislocated  masses  of 
rock  into  the  cavity  excavated  beneath  the  reef,  (3)  the  return 
fall  of  the  huge  mass  of  water  thrown  up  by  the  explosion. 
The  further  an  elastic  vibration  travels  through  any  part  of 
our  earth's  crust,  the  more  it  gets  broken  up  and  diffused  as 
secondary  waves  ;  hence  very  long  ranges  are  less  suited  for 
experiment  than  those  of  more  moderate  length,  and  moderate 
charges  are  on  the  whole  better  than  "sery  powerful  ones.  From 
all  these  causes,  therefore,  it  seems  impossible  to  decide  what 
Avas  the  true  origin  of  the  "tremor"  seen  in  the  seismoscope 
by  each  respective  observer.  The  tremor  at  each  station  is 
stated  to  have  lasted  for  several  seconds  ;  but  I  do  not  find  it 
stated  whether  the  time  of  arrival  is  noted  from  the  com- 
mencement, middle,  or  end  of  this  period. 

Kothing  is  mentioned  in  the  paper  referred  to  as  to  the 
nature  of  the  rock  or  other  formations  through  which  the 
transit-ranges  lay.  From  other  sources  of  information,  how- 
ever, I  presume  they  were  all  in  more  or  less  stratified  and 
disturbed  rock,  that  the  line  of  each  range  was  through  differ- 
ent and  partially  overlying  strata.  Now  my  own  experi- 
ments made  in  the  neighbourhood  of  Holyhead,  North  A\'alcs 
(Phil.Trans.l<S61-G2),  have  ])roved  the  very  considerable  differ- 
ences in  transit-velocity  in  the  same  rock  in  the  direction  of 
the  strata  and  transverse  to  the  same  ;  so  that  from  this  cause 
alone  it  appears  to  me  that  the  transit-velocity  through  none 
of  the  ranges  here  referred  to  could  be  truly  comparable,  even 
if  the  true  transit-rate  through  any  one  of  them  were  actually 
attainable. 

The  distances  of  the  various  observing-statious  from  the 
focus  of  explosion  are  stated  to  have  been  measured  off  from 
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cort;vin  niilway  maps  and  those  of  U.S.  Coasts  Survey.  I 
know  not  what  amount  of  ])recision  lielongs  to  tlic  Coasts  Sur- 
vey of  New- York  Harljour  and  the  Hudson  River.  I  readily 
credit  it  with  all  the  exactitude  which  characterizes  the  na- 
tional scientific  Avork  of  the  United  States  ;  hut  I  cannot  credit 
any  Coasts  Survey  designed  for  maritime  commercial  and  social 
purposes,  extending,  as  in  this  case,  over  an  extreme  range  of 
several  miles  of  coast,  as  assuring  suiticient  exactness  to  he 
made  the  basis  for  the  measurement  of  distance  as  an  element 
for  determining  any  great  physical  problem.  Nor  do  the  in- 
strumental arrangements  for  noting  the  time  of  arrival  of  the 
several  waves  at  the  several  stations  seem  to  me  wholly  free 
from  objection.  A  more  exacting  critic  than  I  am  at  all  dis- 
posed to  be,  must  remark  that,  amongst  the  four  different  ob- 
servers, no  attempt  seems  to  have  been  jnade  to  determine  the 
personal  equation  of  any  one  of  them ;  the  differences  due  to 
the  different  observers  would  very  differently  perplex  the 
results  where  their  respective  ranges  differed  so  much  in  length 
as  well  as  in  other  conditions,  and  where  in  each  case  three 
senses  (hearing,  seeing,  and  nerve-transmission)  were  brought 
into  play. 

From  all  these  circumstances,  as  well  as  from  others  which 
for  brevity  I  omit  to  notice,  I  cannot  regard  the  results  ob- 
tained by  these  operations  as  of  authority ;  and  I  feel  justified 
in  protesting  against  their  being  viewed  as  any  scientific  check 
or  control,  or  as  capable  of  revising  the  results  obtained  by 
myself  several  }'ears  ago  uj)on  simpler  and  more  ascertainable 
data  and  by  more  exact  methods,  in  part  with  the  assistance  of 
my  eldest  son,  Dr.  J.  W.  Mallet.  As  my  son  is  intimately 
acquainted  with  the  conditions  involved  in  seismologic  inves- 
tigation and  with  the  methods  and  precautions  adopted  by  me, 
I  cannot  but  presume  that  he  was  not  fully  informed  as  to  the 
circumstances  relating  to  this  great  explosion  in  New- York 
Harbour  when  he  suggested  its  subsidiary  application  to 
seismic  jdiysico,  which  I  learn  he  did  from  the  first  para- 
graph in  General  Abbot's  paper,  by  a  communication  addressed 
to  the  Smithsonian  Institute  in  June  187G. 

In  these  ol)jections  I  wish  to  be  clearly  understood  as 
having  no  a  prior!  difficulty  in  accepting  a  higher  velocity  of 
wave-transit  than  the  highest  attained  experimentally  by  my- 
self. It  is  highly  probable  that  such  may  be  elicited  by  future 
experiment.  But  should  such  cases  arise,  their  results,  like  all 
great  physical  truths,  should  only  be  credited  uj)on  unexcep- 
tionable observations  or  experimental  evidence.  "While  feeling- 
justified  in  making  these  ol)jections,  I  Avish  to  disclaim  all  con- 
troversial spirit  or  intention  ;  loss  of  sight,  indeed,  and  dimi- 
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nisliod  energy  would  prevent  my  engaging  in  any  scientific 
controversy,  were  any  called  for. 

Robert  Mallet. 

Loudon,  September  17,  1877. 


XL.   On  a  Correction  to  Observed  Latitudes. 
By  Colonel  A.  R.  Clarke,  C.B.,  F.R.S. 

I  do  not  know  that  any  demonstration  has  ever  been  given 
of  a  theorem  enunciated  by  Gauss  in  a  letter  addressed 
by  him  in  1853  to  General  Baeyer.  It  appears  from  the  letter 
in  question  (of  which  a  translation  appeared  in  the  Comptes 
Rendus  des  Seances  de  la  Conimissio7i  jjermanente  de  V Associa- 
tion Geodt'si(]ue  internationcde  teniies  a  Florence  en  1869)  that, 
at  the  suggestion  of  General  Baeyer,  Gauss  had  investigated 
the  influence  of  altitude  above  the  sea-level  on  observed  lati- 
tudes, and  had  arrived  at  a  result  which,  if  not  very  important 
to  geodesists  and  astronomers,  still  is  very  curious  and  inter- 
esting. The  point  in  question  is  this  : — In  the  adjoining  dia- 
gram let  APE  be  a  qua- 
drant of  a  meridional  sec- 
tion of  the  earth,  N  P  P' 
the  normal  at  any  point  P. 
Let  P  N  represent  gravity 
at  P ;  and  on  the  same 
scale  let  P  H,  parallel  to 
the  equator  C  E,  represent 
the  centrifugal  force  at 
the  same  point;  then  com- 
pleting the  parallelogram 
G  H,  P  G  mil  be  the  at- 
traction of  the  earth.  At 
a  point  P'  vertically  above 
P  the  centrifugal  force 
P  H  is  increased  to  P'  H', 
retaining  its  parallelism ; 
and  the  attraction  P  G  is 

diminished  to  P'G' — not,  however,  parallel  to  its  former  di- 
rection, for  GPG'P'  converge  towards  the  zenith.  The 
resultant  graAity  P' N'  at  P'  is  therefore  no  longer  of  neces- 
sity in  the  line  V  P  :  and  the  point  to  be  determined  is  the 
magnitude  of  the  angle  P  P'  W. 
The  potent  ial  of  the  spheroid  {.%''  +  ?/-)( 1  —  2e)  +  c-  =  r,  whose 
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semiaxes  aro  c  and  c(l  +  e),  e  being  a  very  small  quantity 
whose  square  may  be  neglected^  at  an  external  point  whose 
coordinates  are/,  0,  h,  is 

where  M  is  the  mass  of  the  spheroid  ;  if  p  be  the  density, 

M  =  f7r^cXl  +  2e). 

If  the  spheroid,  instead  of  having  a  uniform  density  p,  bo 
formed  of  homogeneous  spheroidal  shells  having  a  common 
centre  and  axis  of  rotation,  the  ellipticity  as  well  as  the  den- 
sity of  tliese  shells  varying  from  the  centre  to  the  outer  surface, 
and  so  being  a  function  of  the  variable  polar  semiaxes  c' ,  then 
it  is  easy  to  see  that  the  potential  of  such  a  heterogeneous 
spheroid  is 

.-5         I'         ro  ^  ^  ^       r' 
where  c  is  the  polar  semiaxis  of  the  outer  surface,  and 

W')=l   P j7- -'^'-  :  W)=)  P    \,j      dc'. 

Jo  '  *'o  "'' 

In  the  theory  of  the  figure  of  the  earth  it  is  shown  that  the 
condition  of  fluid-equilibrium  implies  the  relation 


(^-^)^-0(O-HtO-)=o, 


6  being  the  ellipticity  of  the  external  surface,  and  m  the  ratio 
of  the  centrifugal  force  at  the  equator  to  the  attraction  of  the 
earth  there.  The  value  of  m  is,  neglecting  small  quantities  of 
the  second  order,  given  by  the  equation 

47rm    <^(c)  _ 


3        c^    -*"' 


where  w  is  the  angular  velocity  of  the  earth.     Now,  since 
M  =  ^7r<^(r),  we  get  for  V  the  form 


,,      M  ,   M  .,/       m\p-2]i? 

V  = \-  -rr  c  \  e—  ^-  l'^^ = — • 

r        o       \        2/       r" 


This  value  of  the  potential  is  arrived  at  on  the  hypothesis  of 
a  certain  distribution  of  matter  in  the  interior  of  the  earth ; 
but  it  is  important  to  remark  that  it  has  been  obtained  by 
Prof.  Stokos  (Cambridge  and  Dublin  Mathematical  Joui-nal, 
vol.  iv.  p.  207)  without  any  such  hypothesis  as  to  the  distri- 
bution of  density,  be  the  interior  fluid  or  solid,  but  assumino- 
only  that  the  surface  is  a  spheroid  of  equilibrium  of  smafl 
ellipticity. 
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Now  let  X,  Z  be  the  components  of  the  attraction  of  the 
earth  at  P  parallel  respectively  to  the  equator  and  to  the  polar 
axis,  F  the  centrifugal  force  at  P ;  then,  <^  being  the  latitude 
of  P,  "sve  have  the  necessary  relation  (X  —  F)  tan  </>=Z.  At 
F,  instead  of  X-F  and  Z,  we  have  X-F  +  a(X-F)  and 
Z-fSZ;  and  these  will  correspond,  not  to  tan<^  but  to 
tan  (0  +  S(/)).     Hence,  differentiating,  we  have 

(8X  — 8F)  sin  (j)  —  SZ  cos  «^=  —  Z  cosec  ^B(f). 

Now  X= vm  <ind  Z= 77- ;  '^ud  if  we  put  n  for  the  height 

df  ah  ^  ° 

P  P',  we  have  in  passing  from  P  to  P', 

Bf=  n  cos  ^,     hh  =  n  sin  (/>, 


— 8X=?i  cos  ^  -r?^  +  n  sin  ^  ^V-^t? 


/d-Y      d^YX       d^Y 
^S<f>  =  sin  ^  cos  (^  (^  -  ^  j  +  ^p^ (sin-  4>-  cos'-  (^) 


and 

d''Y  .      •    .  cM 

'dfdh 

—  hL  —  n  cos  9  -77-Tf  +  ?i  sni  (p  -775-  j 
^  dfdh  ^  d/t^ 

whence 

Z 

n  sin  _ 

-f  G)^  sin  (f>  cos  ^. 
The  values  of  the  differential  coefficients  are  found  to  give 

^  _  ^  =  3Mt#  +M.^  (e- 1)  V!±12A!^5V!A= 
df^       dli^  r"  \        2/  r^ 

where  r-=/-  +  //^     Also 


sin<^=-(l  +  2eC'), 


Substituting  these  in  the  expression  for  Scf),  the  result  after 
some  little  reduction  is 

NoAV,  with  sufficient  approximalion, 
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Z    _  M. 
sin  ^      6'' 


^'^(^^m-ej  6\n24> 


or,  if  (/'  and  g  be  the  vulucs  of  gravity  at  the  pole  and  at  tiio 
equator  respectively,  then,  making  use  of  Clairaut's  theorem, 

b(p=  -  '  - —    sni  Zqy. 
'■       9 
This  result  is  certainly  remarkable  for  its  simplicity ;  but,  prac- 
tically, for  ordinary  niountain-heights  it  only  amounts  to  a 
small  fraction  of  a  second. 
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All  Ekmentanj  Treatise  on  the  Di/iiamics  of  a  tSi/stem  of  Rigid  Bodies. 
With  Namerom  Ecamples.  Bij  Edward  Joim  Eouxn,  M.A., 
F.R.S.,F.Ii.yLlS.,  F.G.S.,  c^r.,late  Felloiv  and  late  Assistant  Taior 
of  St.  Peters  College,  Cambridge  ;  late  Examiner  in  the  University 
of  London.  Third  Edition,  Revised  and  Enlarged.  Lonclou  : 
Macmillau  and  Co.  1877.  (8vo,  pp.  564.) 

ME.  EOUTH'S  Treatise  on  Eigid  Byuamics  lias  been  for  several 
years  the  Text  Book  couniionly  used  by  students  who  "  take 
up  "  that  branch  of  inec-hanieal  science  ;  so  that  it  may  be  presuuKid 
that  tliose  who  ha\e  paid  any. attention  to  the  subject,  are  more  or 
less  acquainted  with  one  or  other  of  the  earlier  editions.  The 
present  edition,  the  tliird,  appears  in  a  different  form  from  those 
which  preceded  it,  and  has  been  very  considerably  enlarged.  In 
fact,  when  both  the  size  of  the  pages  and  their  nuniber  are  taken 
into  account,  we  shall  not  be  far  wrong  in  stating  that  it  is  larger 
by  one  half  than  the  second  edition.  So  that  it  is  a  very  large 
volume;  and,  further,  it  contains  much  more  matter  than  the  mere 
number  of  the  pages  might  lead  one  to  expect. 

The  worli  is  designed  to  meet  t]ie  wants  o£  two  classes  of 
students — those  ^\•ho  v^•ish  for  information  on  the  higher  parts  of 
.Uvnamics,  and  those  "  to  whom  the  subject  is  entirely  new."  The 
parts  to  which  the  attention  of  the  latter  class  should  be  directed 
are  indicated  by  a  selection  of  articles  comprising  about  a  third  of 
the  volume.  Th.e  remaining  two  thirds  contain  most  of  the  addi- 
tious.  The  author's  aim  in  making  these  additions  has  been  to 
give  the  student  at  least  some  notion  of  the  most  important  appli- 
cations of  the  general  doctrines  of  Dynamics  to  particular  cases : 
so  that,  although  such  a  subject  as  rigid  dynamics  might  at  £rst 
sight  be  thought  to  be  contained  within  narrow  limits,  yet  in 
reality  the  author  has  had  to  deal  with  an  extensi^•e  literature  of 
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iiiemoirs,  find  has  had  to  study  compressiou  in  eveiy  possible  way. 
lu  some  cases  the  results  of  an  extensive  im^estigation  are  stated 
in  a  short  article;  iu  others  important  theorems  are  given  in  the 
form  of  examples,  the  reasoning  by  which  iheir  truth  is  established 
being  left  to  be  made  out  by  the  student  Avith  little  or  no  assistance. 
Thus,  on  p.  139  Mr.  Kouth  gives  as  an  example  M.  Morin's  ex- 
perimental proof  that  impulsive  friction  obeys  the  laws  of  ordinary 
friction;  in  Art.  151  he  gives  (with  certaLn  variations),  the  sub- 
stance of  M.  Morin's  investigation  of  the  friction  of  cai'riage- 
wheels ;  in  Art.  224,  under  the  head  of  an  example  he  gives  four 
of  the  principal  theorems  of  Mr.  Ball's  Theory  of  Screws ;  and 
similar  cases  are  to  be  found  elsewhere — e.g.  Ex.  2  p.  312,  Ex.  1 
p.  3GG,  Ex.  1, 2  p.  371,  Ex.  4  p.  498,  &c.  All  these  are,  we  believe, 
additions  made  to  the  present  edition. 

In  other  cases  the  additions  are  supplementary  to  articles  that 
occurred  in  former  editions.  Thus,  in  Chap.  IX.  (on  the  motion 
of  a  body  under  the  action  of  no  forces),  in  this  and  in  former 
editions,  the  determination  of  the  angular  velocities  round  the 
principal  axes  is  shown  to  depend  on  a  differential  equation,  the 
integration  of  which  can  be  made  without  difliculty  to  depend  on 
an  elliptic  Integral.  In  the  present  edition  the  solution  is  actu- 
ally effected  by  means  of  el]ij)tic  functions,  according  to  a  method 
due  to  Kirehhoff. 

In  a  case  where  the  matter  of  a  book  is  \ery  closely  packed,  and 
where  a  good  deal  of  detail  is  left  to  be  made  out  by  the  reader, 
there  is  of  course  considerable  danger  of  needful  explanation  being 
altogether  withheld,  or  given  with  so  much  brevity  as  to  be  insuffi- 
cient for  the  wants  of  many  of  the  readers.  Although  Mr.  Eouth's 
explanations  are  for  the  most  part  sufficient,  and  in  many  cases 
singularly  clear,  yet  we  cannot  help  thinking  that  occasionally  his 
text  might  be  expanded  \\ith  advantage.  AVe  will  give  an  example 
of  what  we  mean.  On  p.  411,  in  the  chapter  on  the  motion  of  a 
body  under  the  action  of  no  forces,  after  defining  the  polhode,  and 
showing  that  its  equations  are 

A''       2    1    T)2     2    t     f^2      2  1tJ-vT    € 

X  -}-  Ji'?/-  -f  U  s  = 


T     ' 
Aa,-^-+B/-hCb'^=AIe\ 
our  author  goes  on  thus  : — 

"  Eliminating  y,  we  have 

A  (A-B).rHC  (0-B).-=  (^-B  )Me\ 

"  Hence  if  B  be  tlie  axis  of  greatest  or  least  moment  of  inertia, 
the  signs  of  the  coefllcients  of  .r'  and  z'  will  be  the  same,  and  the 
projection  of  the  polhode  \\  ill  be  an  ellipse.  But  if  B  be  the  axis 
of  mean  moment  of  inertia,  the  projection  is  an  hyperbola. 

"  A  polhode  is  therefore  a  closed  curve  drawn  roinid  the  axis  of 
greatest  or  least  moment,  and  the  concavity  is  turned  towards  the 
axis  of  greatest  cm*  least  moment,  according  as  G'"-^T  is  greater  or 
l.^ps  than  the  mean  moment  of  inertia."' 
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Now,  putting  out  of  the  question  the  curious  clerical  error — for 
such  we  suppose  it  to  be — of  callin<^  B  the  axis  of  greatest  or  least 
moment  of  inertia,  we  cannot  help  thinking  that  if  we  were  to 
write  down  all  the  steps  neetled  to  justify  the  conclusion,  it  would 
appear  that  most  of  them  are  suppressed,  and  that  even  if  only  the. 
principal  steps  were  indicated,  still  the  paragraph  would  need  con- 
siderable expansion.  The  above  extract,  it  must  be  remembered, 
occurs  in  one  of  the  articles  designed  for  students  to  whom  the 
subject  is  entirely  new.  We  cannot  help  thinking  that  such  a 
student  might  spend  a  long  time  over  it,  and  have  after  all  to  get 
help  from  his  ]irivate  tutor  before  fairly  making  out  its  meaning. 

The  merits  of  Mr.  Kuuth's  Treatise  are  so  great  and  so  generally 
acknowledged,  that  Ave  are  sure  the  purpose  of  our  remarks  will 
not  be  misunderstood.  It  is  merely  this,  that  the  above-quoted 
passage  leaves  too  much  to  be  made  out  by  the  unaided  sagai-ity  of 
a  student  who  is  just  beginning  a  diilicult  part  of  a  dillicult  sub- 
ject. We  suspect  that  a  careful  examination  of  the  volume  would 
reveal  other  points  in  which  greater  fulness  of  exposition  would  be 
of  advantage  to  the  student. 

An  Elemental')/  Treatise  on  the  Inte(jral  Calculus,  containing  Appli- 
cations to  Plain  Carves  and  Surfaces  ;  with  Numerous  Examples. 
Bij  Benjamin  AVilliamson,  M.A.,  Fellow  and  Tutor,  Trinity 
Collef/e,  Dublin.  Second  Edition,  Revised  and  Enlarged.  London  : 
Longmans,  Green,  and  Co.  1877.  (Crown  8vo,  pp.  348.) 
We  gave  a  brief  account  of  this  work  on  th^  appearance  of  its 
first  edition  (vol.  xlix.  fourth  series,  p.  319),  and  what  wa  then  said 
of  it  is  applicable  to  the  present  edition — except  that  we  have  ta 
notice  the  addition  of  two  chapters,  which  together  increase  the" 
volume  by  more  than  a  fourth  jjart.  The  first  of  these  chapters  is 
on  "  Moments  of  Inertia."  It  contains  not  merely  an  account  of 
the  methods  of  determining  the  moments  of  Inertia  of  bodies  with 
reference  to  given  axes,  but  also  enters  into  the  determination  of 
products  of  Inertia,  and  questions  connected  with  the  mouiental 
ellipsoid  and  principal  axes  of  a  solid.  In  fact,  its  contents  coincide 
pretty  closely  with  those  of  the  chapter  on  moments  of  Inertia  and 
principal  axes,  which  usually  forms  part  of  a  treatise  on  the  motion 
of  a  rigid  body.  For  the  methods  adopted  in  the  chapter  the  author 
is  "  indebted  to  the  kindness  of  Professor  Townsend."'  There  is, 
we  conceive,  a  distinct  advantage  in  making  such  a  chapter  part  of 
an  Elementaiy  Treatise  on  the  Integral  Calculus  ;  but  we  think 
the  author  might  have  gone  fiu'ther,  and  should  have  inserted  a 
chapter  on  the  determination  of  centres  of  gravity.  These  deter- 
minations, like  those  of  moments  of  luertia,  form  a  branch  of 
Geometry  which  it  is  a  gain  for  the  student  to  understand,  and  to 
have  had  practice  in,  before  entering  on  the  more  advanced  parts  of 
Mechanics. 

The  second  chapter  peculiar  to  the  present  edition  is  on  "  Mean 
Value  and  Probability,"  and,  of  course,  relates  to  those  cases  in 
which  the  magnitude  to  be  considered  is  subji'ct  to  continuous 
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change,  and  in  wliicli,  therefore,  the  aid  of  the  Integral  Culcuhis  is 
I'equired.  This  chapter  (which  is  written  by  Professor  Crofton,  of 
Woolwich)  is  devoted  to  the  consideration  of  "  a  few  of  the  less 
difhcult  questions  on  these  subjects,"  and  is  intended  "  to  give  at 
least  some  idea  of  the  methods  to  be  employed."  There  is,  of 
course,  a  certain  order  in  the  arrangement  of  the  questions,  but 
hardly  \\hat  amounts  to  a  systematic  treatment  of  the  subject ;  in 
fact  the  number  and  diversity  of  questions  on  probability  is  "  so 
great  that  no  attempt  seems  to  have  been  made  to  classify  or  con- 
nect them  into  a  regular  theory '"  (p.  311).  So  that,  in  fact,  the 
chapter  consists  of  a  number  of  exjilanatory  articles  of  a  more  or 
less  general  character,  each  article  being  followed  by  a  few  examples 
fully  worked  out  (in  all  about  forty)  of  such  a  kind  as  might  be 
anticipated — e.  r/.  "  To  find  the  meaii  distances  between  two  points 
■v^dthin  a  given  circle  "  (p.  304),  or  again,  ''  Three  points  being  taken 
at  random  v.ithiu  a  sphere,  to  find  the  chance,  that  the  triangle 
which  they  determine  shall  be  acute-angled  "  (p.  327).  It  is  need- 
less to  say  that  such  questions  are  excellent  exercises  in  the  Integral 
Calculus,  are  likely  to  interest  a,n  intelligent  student,  and  that  the 
chapter  containing  them  is  a  very  useful  and  interesting  addition 
to  an  admirable  elementary  treatise. 
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March  22,1877.— Dr.  J.  Dalton  Hooker,C.B.,  President,  in  the  Chair. 

T^'^JIE  following  paper  was  read : — 

-^  "  On  Priction  between  Surfaces  moviug  at  Low  Speeds." 

By  Pleemiug  Jenkin,  P.R.SS.  L.  &  P.,  Professor  of  Engineering  in 
the  University  of  Edinburgh,  and  J.  A.  E\^ing. 

The  common  belief  regarding  friction,  which  is  based  on  the  re- 
searches of  Coulomb  and  Morin,  is  that  between  surfaces  in  mo- 
tion the  friction  is  independent  of  the  velocity,  but  that  the  force 
required  to  start  the  sliding  is  (in  some  cases  at  least)  greater  than 
the  force  required  to  overcoi):e  friction  during  motion ;  in  other 
words,  the  static  coefficient  is  iisually  considered  to  be  greater 
than  the  kinetic.  It  occun-ed  to  the  authors  that  there  might 
possibly  be  continuity  between  the  two  kinds  of  friction,  instead  of 
an  abrupt  change  at  the  instant  in  v.hich  motion  begins.  We 
should  thus  expect  that  when  the  relative  motion  of  the  surfaces  is 
very  slow  there  will  be  a  gradual  increase  of  friction  as  the  velocity 
diminishes.  AVhether  any  such  increase  takes  place  at  very  low 
speeds  is  left  an  open  question  by  the  experimciits  of  Coulomb  and 
Morin,  whose  methods  did  not  enable  dehnite  measurements  of  the 
friction  to  be  made  when  the  velocity  was  exceedingly  small.  The 
authors  have  succeeded  in  measuring  the  friction  between  surfaces 
moving  with  as  low  a  velocity  as  one  live-thousandth  of  a  foot  per 
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second,  and  have  found  tliat  in  certain  cases  there  is  decided  in- 
crease in  tlie  coclTIcient  of  friction  as  the  velocity  diminishes. 

The  apparatus  made  use  of  consisted  of  a  cast-iron  disk  2  feet 
in  diameter  and  weighing  86-2  lbs,,  supported  on  a  steel  axle  whose 
ends  were  less  than  one  tenth  of  an  inch  in  diameter.  These  ends 
were  supported  in  bearings  Mhich  consisted  of  rectangular  notches 
cut  in  pieces  of  the  material  whoso  friction  against  steel  was  to 
be  measured.  The  disk  was  caused  to  revolve  and  then  left  to 
itself,  when  it  came  to  rest  in  conseqiience  of  the  friction  on  the 
ends  of  the  axle.  The  raa>  of  retardation  was  found  as  follo\\s  : — 
A  strip  of  paper  2^  inches  broad  was  stretched  round  the  periphery 
of  the  disk;  and  a  pcnululuiu  Mas  caused  to  swing  across  tliis  paper 
in  a  plane  perpendicular  to  tha;  of  the  disk.  On  the  pendulum  was 
fastened  a  line  glass  siphon,  one  end  of  which  dipped  into  a  box 
containing  ink,  whilst  tlie  other  stood  at  a  short  distance  from  the 
paper  strip,  across  which  it  was  carried  as  the  pendulum  oscillated. 
13y  keeping  the  ink-box  strongly  electrified,  ink  was  deposited  on  the 
paper  by  the  point  of  the  siphon  in  a  rapid  succession  of  fine  spots. 
By  this  means,  without  the  introduction  of  any  new  soiu'ce  of 
friction,  a  permanent  record  Mas  made  of  the  resultant  motion  of 
the  pendulum  and  the  re\olving  disk.  This  frictionless  method  of 
recording  was  designed  by  Sir  A\^illiam  Thomson  for  telegraphic 
purposes,  and  is  employed  in  his  siphon  recorder,  rromthe  curve 
draMii  in  this  May  it  Mas  easy  to  determine  the  rate  of  retardation 
of  the  disk  (and  therefore  the  friction)  corresponding  to  a  arious 
velocities  of  the  rubbing  surfaces.  The  lowest  velocity  for  Mhich 
the  determinations  Mere  deiinite  Mas  about  0*0002  foot  per  second; 
and  the  highest  velocity  to  M-hich  the  experiments  extended  m  as 
O'Ol  foot  per  second.  The  surfaces  examined  Mere  steel  on  steel, 
steel  on  brass,  steel  on  agate,  steel  on  beech,  and  steel  on  green- 
heart — in  each  case  under  the  three  conditions,  dry,  oiled,  and  wet 
M'ith  M-ater.  In  the  cases  steel  on  beech  oiled  or  Met  m  ith  Mater,  and 
steel  on  greenheart  oiled  or  M^et  Mith  Mater,  the  coefficient  of  fric- 
tion increased  as  the  velocity  diminished  betM-een  the  two  limits 
given  abo^•e,  the  increase  amounting  to  about  tMenty  per  cent, 
of  the  loMcr  value.  It  appeared  that  at  the  higher  limit  of 
velocity  there  Mas  little  further  tendency  to  chango  in  the  co- 
eflicient ;  but  it  is  impossible  to  say  hoM-  much  additional  change 
might  take  place  betMeen  the  loMer  limit  of  the  velocity  and  rest. 
In  the  case  of  steel  on  agate  M'et  \Aith  M-ater  there  Mas  a  similar 
but  much  less  marked  increase  of  friction  as  the  velocity  de- 
creased ;  and  in  the  case  of  steel  on  steel  oiled  there  m  as  a  slight 
and  someMhat  uncertain  change  of  the  opposite  character — that 
is,  a  decrease  of  frictioii  as  the  velocity  decreased.  This  case, 
hoMcver,  Mould  require  further  examination.  In  all  other  cases  the 
friction  seemed  to  be  perfectly  constant  and  independeiit  of  the 
velocity.  Out  of  all  the  sets  of  circumstances  investigated,  the 
only  ones  in  Mhich  there  was  a  Itirge  difference  betM-een  the  static 
and  kinetic  values  of  the  coefficient  of  friction  M'cre  those  in  m  hich 
a  decided  increase  Mas  observed  in  the  kinetic  value  as  the  speed 
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decreased.      This  result  renders  it  exceediugly  probable  that  there 
is  continuitv  between  the  two  kinds  of  frictiou. 
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June  20th,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.E.S.,  President, 

in  the  Chair. 
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10.  "  The  Exploration  of  the  Ossiferous  Deposit  at  Windy  Knoll, 
Castlctou,  Derbyshire,  by  Eooke  Pennington,  Esq.,  LL.B.,  F.G.S., 
and  Prof.  W.  Boyd  Dawkins."  Bv  Prof.  AY.  Boyd  Dawkins,  M.A., 
E.E.B.,  F.G.8. 

11.  "  Description  of  the  Fossil  Organic  Bemaius  from  Bendigc' 
By  M.  Carl  August  Zachariee. 

12.  "  Notes  on  some  recent  Discoveries  of  Copper-ore  in  Nova 
Scotia."     By  Edwin  Gilpin,  Esq.,  M.A.,  F.G.S. 

The  author  described  the  occurrence  in  the  northern  part  of 
Nova  Scotia  of  a  great  band  of  Silurian  deposits,  running  nearly 
cast  and  west,  and  traversed  in  a  corresponding  direction  by  nume- 
rous detached  bands  of  granites,  syenites,  »S:c.  Boughly  parallel  to 
the  line  of  the  latter  there  is  a  tolerably  well-defined  series  of 
fractures  ri;nning  froua  Parrsboro  on  the  Bay  of  Fundy  to  Guysboro 
on  the  Atlantic  coast.  The  course  of  this  lino  of  disturbance  is 
marked  by  metamorphism,  and  by  the  presence  of  associated  ores  of 
iron  and  copper.  The  principal  localities  where  the  latter  occur 
are  noticed  by  the  author,  who  states  that  the  copper  deposits 
attain  their  greatest  development  near  Lochaber  Lake  and  Poison's 
Lake,  Wiiere  they  form  a  series  of  veins  cutting  at  obliqi;e  angles 
hlack  and  red  shales  and  quartzites,  apparently  of  somewhat  doubtful 
age.     The  quality  of  the  ore  is  said  to  be  good. 

13.  "  Glacial  Drift  in  the  North-eastern  Carpathians."  By  II.  L. 
Jack,  Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.G.S.,  of  the  Geological 
Survey  of  Scotland. 

In  this  paper  the  authors  noticed  the  statements  of  previous 
observers  as  to  the  occurrence  of  glacial  drift  in  the  northern  part 
of  the  Carpathian  range,  and  described  the  rock-formations  sur- 
rounding the  head-Avaters  of  the  Theiss,  and  some  drift  sections 
observed  in  the  valley  of  that  river.  They  arrived  at  the  following 
conclusions  : — Glacial  deposits  are  not  abundantly  developed  in  the 
valleys  of  the  north-eastern  Carpathian.  The  drift  in  the  upper 
reaches  of  the  Theiss  is  of  the  most  fragmentary  character,  and  is 
confined  mainly  to  tlie  broader  portions  of  the  valley.  There  is, 
however,  sufiicient  evidence  for  maintaining  thot  the  Theiss  valley 
was  filled  with  a  glacier  upwards  uf  A')  miles  long,  although  the 
authors  were  unable  to  determine  -vthether  this  glacier  ever  debouched 
on  the  plains  of  Hungary  or  ever  reached  the  edge  of  the  Carpathian 
chain  ;  but  they  think  it  probable  that  such  was  the  case. 
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14,  "  On  Terminal  Curvature  in  the  Soutli-westorn  Counties." 
By  W.  A.  E.  Ussher,  Esq.,  E.ChS.,  of  H.M.  Gcolo-ical  Hurvcy. 

The  author  discussed  the  views  advocated  by  Mr.  ]).  Mackintosh 
on  the  terminal  curvature  of  slaty  bods  (Q.  J.  Cr.  S.  vol.  xxiii. 
p.  32G),  and  objected  to  the  hypothesis  that  tlie  phenomenon  waa 
produced  by  the  action  of  ice  in  any  form,  which  was  the  agency 
to  which  Mr.  JMackiutosh  was  most  inclined  to  ascribe  it.  The 
author  thought  that  what  has  been  called  terminal  curvature  might 
bo  produced  by  three  distinct  causes,  namely: — 1.  The  curvature 
produced  by  internal  movements  at  great  depths,  afterwards  ren- 
dered superficial  by  long  subsequent  denuding  agencies  ;  2.  The 
action  of  wedging  frosts  on  the  uptui-ned  edges  of  the  beds,  as  ad- 
vocated by  Mr.  (jiodwin-Auston  ;  and  3.  I'he  intrusion  between  the 
lamincc  of  the  rocks  of  the  roots  and  rootlets  of  growing  trees. 

15.  ''  On  the  Chronological  Classification  of  the  Granitic  Eocks  of 
Ireland."     13y  (}.  II.  lunahan,  Esq.,  M.E.I.A. 

The  author  adopts  8chocrer's  dehnition  that  a  r/raiiite  is  a  rock 
of  certain  constitution,  in  which  all  the  constituents  are  separately 
developed,  and  gives  the  name  of  elvanites  to  those  granitic  rocks  in 
■which  part  of  Iho  constituents  are  not  perfectly  crystallized.  The 
elvanites  pass  into  true  granites  on  the  one  hand,  and  on  the  other 
into  plutonic  or  volcanic  rocks.  Thej' are  thus  "passage-rocks" 
between  the  two  sections. 

The  author  apparently  regards  all  granites  as  formed  by  the  meta- 
morphosis either  of  the  Sedimentary  rocks  in  which  they  occur,  or  of 
the  plutonic  rocks  associated  with  these.  Even  intrusive  granites 
are  the  product  of  an  extreme  degree  of  metamorphosis.  Of  meta- 
morphosis ho  distinguishes  two  kinds,  namely : — Metapepsis,  or 
regional  metamorphosis,  extending  over  larger  or  smaller  areas, 
and  due  to  aqueo-igneous  action ;  and  Fayoptesis,  or  local  meta- 
morphosis, caused  by  heat  generated  at  or  near  local  igneous  action 
or  a  protrusion  or  sheet  of  igneous  rock. 

The  author  then  indicates  the  application  of  these  principles  to 
the  classitication  of  the  granitic  I'ocks  of  Ireland  in  the  chrono- 
logical order  of  the  sedimentary  de])osits  with  which  they  are  asso- 
ciated, and  divides  these  rocks  into  11  classes,  corresponding  to  the 
Cambrian,  Cambro-Silurian,  Silurian,  Carboniferous,  Triassic,  and 
Tertiary  series,  with  five  intermediate  classes,  the  latter  generally 
divided  again  into  subclasses.  The  granitic  rocks  of  diflforent 
districts  in  Ireland  are  then  described  in  some  detail,  and  referred 
to  their  places  in  the  proj^osed  chronological  scheme. 

10.  "'  The  Cambrian  Hocks  of  South-east  Ireland."  By  G.  II. 
Kinahan,  Es(i.,  M.K.I.A. 

The  author  states  that  these  rocks  are  greatly  altered  by  meta- 
morphic  action.  Quartz  rock  occurs  in  dykes  and  other  masses 
among  the  Cambrian  and  Cambro-Silurian  rocks,  but  chiefly  among 
the  former  ;  it  may  be  foliated  and  converted  into  quartzite  by  ■\\Iiat 
the  author  calls  mctapepsis  (see  j)receding  paper). 

Of  the  Cambro-Siluriin  rocks  the  base  is  seen  only  in  two  places — 
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at  Grcenoro,  and  on  the  S.W.  coast  of  Yv'cxford.  At  the  former  it  is 
a  fine  rcddi.-?!!  conglomerate,  lying  on  or  against  schists;  at  tho 
latter  a  massive  slate  conglomerate.  The  rocks  of  this  series  in 
ascending  order  are : — 1.  Black  carbonaceous  shales  and  slates,  or 
grey  beds  with  subordinate  beds  of  grit  ;  2.  Green  and  grey  grits, 
shales,  and  slates ;  3.  Tho  Ballymoney  series  of  green,  grey,  black, 
and  red  grits,  sandstones,  slates,  and  shales,  with  interstratified 
igneous  rocks ;  4.  Eed,  purple,  and  green  beds,  usually  more  or  less 
argillaceous. 

The  Cambrian  formation  generally  consists  of  green,  purple,  or 
reddish  grits,  shales,  and  slates,  but  here  and  there  with  grey  or 
even  black  beds.  The  author  describes  the  Cambrian  rocks  in  the 
various  areas  in  which  they  occur,  namely  at : — 

Howth,  where  they  are  but  little  altered  in  the  N.,  becoming  more 
altered  towards  the  8. 

Bray  Head,  generally  unaltered,  and  containing  manj'  specimens 
of  Ohlhamia,  and  with  massive  dykes  of  quartz  rock. 

S.E.  Wicklow,  where  the  Avestern  boundary  is  doubtful.  jSTear 
Carrick  Mountain  and  to  the  westward  the  rocks  are  much  altered, 
and  tho  author  thinks  tliat  probablj-  masses  of  Cambrian  rocks  vrcre 
forced  by  disturbances  into  the  Cambro-Silurians,  and  then  the 
whole  were  metamorphosed  together. 

N.E.  Wexford.  The  area  commences  on  the  east  coast  near  Cour- 
town  Harbour,  extends  S.  to  and  beyond  AYexford,  and  then  S.W.  to 
the  coast  near  BannoAV  Bay.  The  rocks  are  generally  submeta- 
moiphic,  with  many  large  protrusions  of  quartz  rock,  generally 
changed  by  metapepsis  into  quartzite.  Eooney's  Bocks,  S.  of 
Poulshore,  consist  of  two  protrusions  of  quartz  rock,  between  and 
jS".  of  which  arc  green  and  purplish  Cambrian  shales,  in  AAhich 
Oldhamia  aniiqua  has  been  found,  as  also  in  a  green  bed  further 
south  at  Cahore.  On  the  coast  of  Haggard  and  Bannow  the  Cam- 
brian and  Cambro-Silurian  rocks  are  mixed  uji  very^  irregularly  by 
means  of  numerous  faults.  At  Bannow  Oldhamia  is  not  unconimoii. 
The  most  continuous  sections  are  seen  in  this  area  in  the  valley 
of  the  river  Slaney,  where  the  rocks  generally  dip  to  the  N.  at 
angles  of  10°-60°  or  80'^,  and  are,  going  from  N.  to  S. : — 

1.  Massive  grits  with  some  shaly  beds,  underlain  by 

more  or  less  altered  grits  and  shales  ;  average  dip 

30°,  giving  a  thickness  of  about    3000  feet. 

2.  Schists  with  quartzites  (metamorphosed  grits),  dip 

50°;  about 4000    „ 

3.  Schists  with  masses  of  quartzite  (altered  quartz 

rock),  dip  40° ;  about    4000    „ 

Total  about     11000    „ 


biTt  the  numerous  faults  render  the  numbers  uncertain. 

S.E.  Wexford.     The  rocks  are  more  or  less  metamorphosed,  gra- 
duating from  schisf  through  gneiss  into  gronite  near  Carnsorc, 
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ON  LIGHT-ABSORPTION  ACCORDING  TO  MAXWELL's  THEORY. 
BY  C.  IT.  C.  GRINAVIS*. 
^PllE  author,  in  continuation  of  Maxwell's  few  remarks  on  tlie 
-^     coiuiexion  between  the  strong  absorption  of  light  in  metals  and 
their  high  contlucti\  ity  for  electricity,   lias   further  pursued  tln^m 
theoretically : — 

Let  a  plane  electrical  wave  iii  a  body  move  in  the  direction  of  the 
A'-axis  \\ith  a  velocity  V  and  amplitude  A.  Then  let  the  resulting 
vibrations  take  place  parallel  to  the  ?/r-plane  and  be  parallel  to  the 
z-axis  ;  let  K  and  /i  bo  the  specific  induction-capacity  of  the  body 
for  electricitv  and   magnetism,  its  conductivity  C,  X  the  \\ave- 

length ;  further,  for  brevity,  let  Ic  be  =  -r-,  and  H  the  magnetic 

moment  along  the  z-axis.  If  lu  denotes  the  current-intensity,  then, 
according  to  Slaxwell  (Treatise  on  Electricity  and  Magnetism,  vol.ii. 
p.  394),  putting  /<K=«^  27r^C  =  i', 

—a- 4-2b-  — -. 

d.v  dl-  dt 

If  this  equation  satisfies  a  periodic  function  of  the  time, 

11= Ac -/'•»•  cos  Ic  {x—Mt), 

it  thence  follows  that 

so  that 

II = A(e-2'r^cva.  eos  1{X'  -  \t) . 

If  \^"e  now  calculate  from  Maxwell's  general  formula)  {I.  c.  art. 
638)  the  energy  contained  by  the  unit  of  volume  of  our  body  in  con- 
sequence of  the  above  vibrations,  v.  e  get  (since  the  quantities  P,  Q, 
r,  and  G  there  occurring  arc  =0  when  the  vibrations  are  parallel 
to  the  z-axis,  while  11  is  only  a  function  of  .r,  ?',  /) 

«  =  a=c=y=0, 
dx ' 

r.__ldll 

fj.  dx 

and  the  electrostatic  potential  energy  E  and  the  elect romognetic 
actual  energy  T  become: — 

y_l^fd\i\\ 
^-^X'd't)' 

Sir/j.  \dx  ) 
*  Vcrshffen  en  Medcclcclin(/cn  cl.  Kony.  Ah.  van  WiUn&cluipiicn  ic  Am- 
stei-dumj  Natunciss  Ahth.  (jl)  x.  pp.  .87]-383. 
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Por  our  value  o£  H, 

\     (It         cLv 
AVith  insulalor.s  C=0,  consequeutl3'j>  =  0,  Y-=  —y  ;  so  that  theu 

and  both  energies  are  theu  always  present  in  equal  quantity. 
A\'^ith  a  conductor,  on  the  contrarv, 

or 

^\dxj      Stt  U/<  ;       8;r^.  IFV  dtj'^Y      dt  ^^       J  ' 

or,  if  we  denote  by  A  the  last  term  on  the  right,  which  is  always 
■bositive, 

T=E+A; 

consequently  T  is  always  greater  than  E. 

To  calculate  for  our  case  T,  E,  and  A  and  the  sum  of  the  two 

energies  (T+E=  W),  we  notice  that  they  are  periodic  functions  of 
t  with  the  period  r.  Hence  we  put  the  quantity  e-P'*'='[J,  and 
form  its  mean  value  bv  integrating  from  0  to  r  and  dividing  bv  t  ; 

then,  putting  for  shortness  ^ ,  we  get : — 


T  = 

^^C+ 

t^- 

E= 

^^0- 

^)-^ 

A  = 

=^'f;- 

> 

W= 

>'u. 

The  difference  A  between  T  and  E  must  doubtless  be  ascribed  to 
the  occurrence  of  currents  in  the  medium.  Let  us  consider  the 
limiting  cases. 

I.  The  body  is  a  perfect  insulator;  C  is  theu  =0,  b=p=0, 
1F=1;  consequently 

A* 

Za 

A  =  0, 
•      W  =  E  +  T=^. 
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II.  There  exists  no  electrical  polarization ;  then  is 

p=h^Y=2KfxCY=  —  =1% 
and  we  have 

T=  —V\ 

E=0, 

If  A  then  arises  from  electric  currents,  it  follows  that,  while  the 
whole  of  the  light  is  transmitted  by  insulators,  it  is  entirely  ab- 
sorbed by  perfect  conductors,  and  the  total  store  of  energy  is  con- 
verted into  electric  currents. 

In  the  general  case,  if  the  energy  of  the  light  (that  is,  that  of 
the  electric  \ibrations)  be  denoted  by  L,  and  that  of  the  electric 
current  bv  S,  we  have 

A\'=L-1-S, 
where 

Since  the  factor  U^=r?-2/'j=g-4TrKCVj- occurs  in  the  expressions 
for  both  energies,  both  energies  continually  diminish. 

If  f>,  denotes  the  loss  of  energy  corresponding  to  L  (diminution 
of  polarization),  and  ^,  that  corresponding  to  8  (which  proceeds 
from  the  current),  the  total  loss  of  energy  is 

?  =  c\  +  ^. 

Putting,  for  the  sake  of  abbreviation,  1— U"  =  U'^=2/m- — 2/)"^-^... , 
we  get : — 

^=-i'(i-i-:)u., 

or    k- 

Hence  both  with  conductors  (with  which  p=l-,  ^,  =0)  and  noncon- 
ductors (with  which  ^  =  0)  we  have 

.  ^i  =  ^.  =  '-»- 
For  small  vakiL's  of  .v,  c^  and  ?.,  are  nearly  proportional  to  .r. 
The  losses  of  electrical  energy  corresponding  to  r,  and  2^  are  pro- 
bably the  consequence  of  heat-development,  which,  accordingly, 
must  always,  with  the  exception  of  perfect  insidators,  accompany 
electrical  polarization. 
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Prom  our  formula  it  f'urilier  follows  thai,  while  liglit-euergy  be- 
comes less  for  undulations  Avith  great  Avave-length  X,  and  the  energy 
(S,  on  account  of  the  occurrence  of  currents,  is  complementary  to 
it,  the  greater  X  is  the  smaller  does  the  latter  energy  become. 

As  the  loss  of  energy  is  proportional  to  the  total  energy,  it  fol- 
lows that  the  same  laws  hold  good  for  the  loss  of  L  and  IS. 

Let  us  now  consider  the  expression 

ir  _       b' 
Ic-      crlc'  +  l?' 

We  see  that  when  h  is  small  (as  it  is  with  bad  conductors)  "-  in- 
creases v.ith  X  increasir.g;  yet  the  absolute  value  is  small;  so  that 
with  them  the  light-energy  and  its  a  ariation  are  approximately  in- 
dependent of  the  \Aave-length. 

rp- 

In  bodies  in  which  the  polarization  is  small,  y^  becomes    =1 

neai'ly  ;  also  L  and  S  are  then  independent  of  the  wave-length,  and 
L  is  0  nearly. 

In  conclusion,  let  us  consider  the  ratio  )•  of  the  transmitted  to 
the  incident  light  with  a  plate  of  which  the  thielmess  is  =?.  The 
amplitude  of  the  distance  I  is  A1j=Ac-^'';  and 

E-f-T      W      I       V')         \       IrJ 
or 

In  perfect  nonconductors  (where  ?>  =  0)  /•becomes  =1,  conse- 
quently all  the  light  is  transmitted ;  ill  perfect  conductors  (where 
rt  =  0)  it  is  all  absorbed.  If  in  r  we  replace  «,  h,  Z-,  j^)  by  their  values, 
we  obtain  for  the  relation  between  the  absorption  and  the  quanti- 
ties K,  ^,  C,  X  :— 

,._  ^  (,-iTrnCyi 

K+/iC^X^' 

lu  insulators  r  must  be  independent  of  the  wa^e-length ;  in 
other  bodies,  under  otherwise  like  circumstances  .f  increases  \\\i\\ 
the  wave-length. — BciUatter  zu  Poggendorff's  Annalen,  1877,  No  7 
pp.  409-413. 


ON  SnCOIFIC  INDUCTIVE  POWEK.       BY  V.  NEYEENEUF. 

The  inductive  power  of  insulating  substances,  discovei-ed  by 
Fai-aday,  has  been  the  object  of  numerous  researches,  all  of  M'hich 
bear  upon  the  phenomenon  of  influence  properly  so  called.  One 
might  further  aslv,  What  modification  in  the  energy  of  the  spark  is 
induced  by  changing  the  nature  of  the  insulating"  plate  of  a  con- 
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denser?  It  is  this  question  that  I  have  ciideavoiu-ed  to  determine 
by  the  following  experiments. 

Two  plane  condensers,  quite  equal  and  furnished  with  eleetro- 
metrie  appendages,  are  coiuiect(Hl  each  with  one  of  the  armatures 
of  a  Holt/  machine,  on  the  one  side,  and,  on  the  other,  with  the 
earth.  One  of  them  is  provided  with  a  plate  of  glass  of  1-32  inil- 
lim.  thickness  ;  the  other  receives  plates  of  various  kinds  and  thick- 
nesses. The  spontaneous  discharges  always  take  place  at  a  constant 
distance.  Under  these  conditions  the  quantities  of  electricity 
translated,  during  one  and  the  same  time,  by  the  nnmbei*  of  sparks 
furnished  by  each  of  the  conjugate  condensers  may  be  regarded  as 
equal. 

The  following  Table  sums  up  the  results  of  a  great  number  of 
concordant  experiments.  The  number  of  sparks  refers  to  the  in- 
terval between  two  sparks  from  the  standard  condenser. 

^-„.,  „„(•.!     „i  i.  Thickness.     Number  of 

Aature  01  the  plates.  •,,•  ^ 

^  milhm.  sparks. 

Glass     2-15  1-5 

3-02  2 

„      3-75  3 

5-22  4 

Hardened  caoutchouc  ....    1  2 

'•>  4 

Vulcanized  caoutchouc    , .   2  5 

M  „  . .    3  6 

..4  7 

..5  9 

The  rarer  the  sparks,  the  stronger  they  are.  This  can  be  ac- 
counted for  by  tlie  report  and  the  light  which  accompany  them ; 
but  it  can  be  demonstrated  also  by  means  of  a  variety  of  the  Ivin- 
nersley  thermometer  in  which  the  action  of  the  spark  upon  the 
liquid  is  replaced  by  the  pushing-back  of  an  index  of  elder-pith. 

It  is  seen  that  the  ratio  of  the  number  of  sparks  to  the  thickness 
of  the  plate  is  sensibly  constant  for  plates  of  the  same  nature.  The 
irregularities  presented  by  the  vulcanized  caoutchouc  proceed, 
doubtless,  from  its  Mant  of  homogeneity. 

It  is  morever  seen  how  great  are  the  differences  of  effect  ob- 
tained with  plates  of  the  same  thickness  but  of  different  kinds. 

Besides,  the  ordinary  laws  of  the  discharge  of  a  condenser  are 
very  well  verified  by  employing  our  conjugate  condensers  supplied 
M'itii  plates  of  the  same  nature.  It  will  be  sufhcient,  in  order  lo 
comprise  in  C'lausius's  formula  the  pecidiarities  h(,'re  signali/.ed,  lo 
introduce  a  consiant  depeud;>nt  soh'ly  on  the  iiaturo  of  the  dielec- 
tric. This  constant,  it  seems,  would  be  no  other  than  that  of 
Faj-aday;  but  it  will  be  remarked  that,  according  to  our  results, 
the  greater  it  is  the  feebler  is  the  discharge. —  Oom/iti-s  Rendus  de 
I'Academie  des  Sciences,  September  1.0,  1877,  tome  Ixxxv.  p.  547-8. 
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ON  THE  SPECIFIC  HEAT  AND  THE  HEAT  OF  FUSION  OF  PLATINUM. 
BY  J.  VIOLLE. 

I.  The  specific  heat  of  platinum  was  measured  at  100°,  800°, 
1000°,  and  1200°  upon  some  pure  metal,  for  which  I  am  indebted 
to  the  kindness  of  M.  II.  8ainte- Claire  Deville. 

The  mean  specific  heat  between  zero  and  100°,  determined  with 
M.  Regnault's  classic  apparatus,  was  found  to  be  0-0323. 

In  order  to  obtain  the  mean  specific  heat  between  zero  and  800°, 
the  porcelain  reservoir  of  an  air  thermometer  of  M.  Deville's  and 
an  unglazed  porcelain  vessel  containing  the  platinum  mass  (423-140 
grammes)  submitted  to  experiment  were  introduced  into  one  and 
the  same  horizontal  mutfle,  which  was  heated  with  gas  in  a  furnace 
with  a  double  casing,  Perrot's  system.  AVhen  the  temperature  of 
the  entire  apparatus  had  become  quite  stationary,  the  vessel  con- 
taining the  platinum  was  taken  out,  the  metal  withdrawn  and  ra- 
pidly plunged  into  a  platinum  eprouvette  placed,  M'ilh  the  orifice 
upward,  in  the  midst  of  the  water  of  the  calorimeter.  Equilibrium 
of  temperature  between  the  hot  platinum  and  the  water  surround- 
ing it  was  slowly  established.  Care  had  also  been  taken  to  place 
the  calorimeter  within  an  enclosure  with  a  constant  temperature,  on 
the  model  of  that  adopted  by  M.  Berthelot.  The  correction  for 
cooling  was  made  by  the  method  indicated  by  M.  Eegnault  and 
carried  out  by  M.  Pfaundler.  Of  two  experiments  thus  conducted, 
one  gave  0-0364  at  787°,  the  other  0-0366  at  780° ;  therefore  the 
mean  specific  heat  of  platinum  between  zero  and  784°  is  0*0365. 

The  mean  specific  heat  between  zero  and  1000°  \vas  obtained  in 
precisely  the  same  manner.  An  important  change,  however,  was 
introduced  into  a  portion  of  the  experiments.  To  avoid  the  uncer- 
tainty which  always  exists  respecting  a  correction  for  cooling, 
although  it  is  small  (not  exceeding  0°-3  for  an  excess  of  11  or  12 
degrees),  in  certain  experiments  the  platinum  eprouvette  was 
omitted  and  the  hot  platinum  plunged  directly  into  the  water  :  only 
an  insignificant  quantity  of  vapour  was  liberated ;  and  the  time 
required  for  attaining  the  stationary  temperature  \vas  reduced  from 
fifteen  or  twenty  minutes  to  a  few  seconds,  which  did  away  with 
any  coi-rection  for  cooling.  The  results  of  twelve  experiments  (the 
first  three  by  the  old  method,  the  nine  others  by  direct  immersion 
of  the  platinum  in  the  water  of  the  calorimeter)  were : — 


0-0376  at  985 
0-0379  „  1028 
0-0375  „  991 
0-0370  „  1005 
0-0377  „  1023 
0-0377  „  1023 


0-0376  at  1002 
0-0376  „  1006 
0-0377  „  993 
0-0379  „  979 
0-0379  „  989 
0-0370  „     979 


whence  we  have  0-0377  for  the  mean  specific  heat  of  platinum  be- 
tween zero  and  1000°. 

On  replacing  the  Perrot  furnace  by  another  with  a  double  casing, 
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lieafcd  by  means  of  a  Schloesing  pipe,  wa  Mere  able  to  fix  and  mea- 
siu*e  temperatures  near  1200°,  This  furnace  (ooiistructed,  like  Il;e 
first,  by  M.  Wiesnegg)  gives  even  with  fat-ility  tcinperaturcs  much 
higher  than  1200°,  but  of  which  it  has  not  yet  been  possible  io 
effect  th(3  direct  measurement.  In  the  experiments  at  800  and 
1000  degrees  the  temperatures,  measured  with  the  manometer  of 
the  air  thermometer,  were  ol)tained  by  bringing  the  gas  to  the  same 
volume  (making  allowance  for  the  variations  of  volume  of  the  por- 
celain balloon)  at  the  commencement  and  at  the  end  of  the  experi- 
ment and  noting  thi^  variation  of  pressure.  In  the  present  experi- 
ments we  operated  both  by  variation  of  pressure  and  by  variation 
of  volume ;  so  that  the  temperature  was  measured  each  time  in 
t\\o  different  ways.     Thus  M'cre  found:— 

0-0388  at  11G8,    j  ^^'l  temperature  being  given  |  ^.°^^  ^^^^^  ^^^3 
'     \      by  the  two  measurements  J 

0-038S  „  1168,  „  „  „  1169    „    1166 

0-0380  „  1194,  „  „  „  110.1    „    1192 

Therefore  the  mean  specific  heat  between  zero  and  1177°  is 
0-0388. 

All  these  measurements  are  faithfully  summed  up  in  the  following 
formula,  which  may  therefore  be  regarded  as  giving  the  mean  spe- 
cific heat  of  platinum  between  zero  and  t  degrees  up  to  1200°: — - 

CJ=0-0317-h  0-000006^, 
T'roin  this  are  deduced  : — 


C„""= 0-0323 
Co''"'= 0-0329 
0,'°°= 0-0335 
CV"''= 0-0341 
0/°"= 0-0347 
C''"<'=0-0353 


C„"°°  =0-0359 
CV""  =0-0365 
C^'""  =0-0371 
0;°°"=  0-0377 
C,"'"'= 0-0383 
n  1200^0-0389 


We  have  thus  the  necessary  data  for  the  exact  measurement,  by 
a  simple  calometric  experiment,  of  any  temperature  between  zero 
and  1200° ;  we  have  also,  by  the  same,  the  means  of  quickly  deter- 
mining any  other  specific  heat — that  of  carbon  for  instance,  m  hich 
I  have  already  attacked. 

The  true  specific  heat  of  platinum  at  t  degrees,  -^,  is,  within 

the  same  limits, 

y,=  0-031 7 -t- 0-000012  <, 
which  gives 

7,„„=0-0329,     y^,,=0-0377,     r,„,„  =  0-0437,     y,,,,=0-0461 

II.  Ihe  quantity  of  heat  was  measured  which  is  given  up  by  1 
gramme  of  solid  platinum  from  the  fusing-point  to  zero.  For  this 
purj^ose  a  certain  quantity  of  platinum  \\as  melted;  into  the  fused 
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platiuum  a  wire  spiral  of  the  same  metal  was  dipped  ;  and  at  the 
instant  when  the  surface  began  to  solidify,  a  rosette  of  solid  pla- 
tinum was  taken  up  v.itli  the  wire  and  immersed  in  the  water  of 
the  calorimeter.  VV^ith  iive  rosettes,  weighing  respectively  57*3, 
57'87,  8I-."),  40'C7,  and  40  grammes,  the  following  heatings  of  the 
water  of  the  calorimeter  for  1  grauime  of  platinum  were  suc- 
cessively observed— 0^-0722,  0°-07O4,  0°-0702,  0°-0715,  and 
0°-070S ;  mean,  0°*0710.  The  mass  in  water  of  the  calorimeter 
being  1052-o24  grammes,  v^-q  have 

2  =  74*73  units 

for  the  quantity  of  heat  given  up  by  1  gramme  of  platinum  from 
the  fusion-point  to  15"^',  t\\e  mean  temperature  of  the  calorimetric 
liquid  in  these  experiments. 

If  it  be  admitted  that  the  specific  heat  of  platinum  is  repre- 
sented, up  to  the  fusion-point,  by  the  fox*mula  above-given,  it 
follows  that,  for  the  fusion-temperature  of  platinum, 

T=1779°. 

Bat  the  increase  of  the  specific  heat  of  platinum  with  the  tempe- 
rature is  without  doubt  accelerated  in  the  vicinity  of  tlie  fusing- 
point,  the  platinum  passiug  through  the  pasty  condition  before 
becoming  liquid  ;  the  true  temperature  of  fusion  will  therefore  be 
slightly  below  the  number  thus  obtained. 

ill.  By  running  a  certain  weight  of  melted  platinum  talcen  as 
near  as  possible  to  the  fusion-point,  into  the  platinum  eprouvette 
of  the  calorimeter,  we  can  measui'e  the  total  heat  of  fusion  of  the 
metal — that  is  to  say,  the  quantity  of  heat  necessary  to  transform 
]  gramme  of  platinum  at  zero  into  liquid  platinum  at  the  very  tem- 
perature of  fusion.  With  weights  of  47*51,  78*3,  40*82,  and 
158*79  grammes  of  melted  platuium,  the  following  heatings  of  the 
v.ater  of  the  calorimeter,  for  1  grannne  of  platinum,  were  suc- 
cessively observed— 0°*075G,  0^*0757,  0-0747,  and  0°*07G7;  mean, 
0°*0757.  The  mass  in  water  of  the  calorimeter  being,  in  these  ex- 
periments, 1345*42  grammes,  we  have  for  tlie  total  heat  of  fusion 
of  platinum,  starting  from  170°  (the  mean  temperature  of  the  water 
of  the  calorimeter), 

L  =  101*85inuts. 

If  from  this  wo  deduct  the  quantity  of  the  heat  q  necessary  to 
raise  1  gramme  of  platinum  to  the  melting-temperature,  wo  have 
the  latent  heat  of  fusion 

A  =  27*  18  uints. 

I\'.  The  melting- poiiit  of  silver,  determined  in  the  course  of 
these  researches,  upon  a  pure  example  kindly  prepared  for  me  by 
M.  Lory,  was  found  to  be  954°,  a  temperature  very  near  to  that 
given  by  M.  Edmond  Becquerel.  Other  melting-points  (those  of 
gold,  copper,  &c.)  shall  shortly  be  measured. —  ComjiUs  liendiis  de 
VAcademie  dcs  Sciences,  Sept.  10,  1877,  tome  Ixxxv.  pp.  543-540. 
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XLIV.  On  the  apparent  Alteration  in  Weight  of  a  Wire 
nlacecl  East  and  West  and  traversed  hy  an  Electric  Current. 
By  Professor  J.  W.  Mallet,  FJl.S.  * 

THE  observations  of  Gilbert,  about  tbc  end  of  the  sixteontb 
centnry,  that  the  earth  behaves  as  a  great  magnet,  the 
beautiful  theory  of  Ampere,  aceording  to  whieh  all  magneti- 
cally polar  bodies  may  be  viewed  as  owing  their  peculiar  cha- 
racter to  electric  currents  circulating  round  the  particles, 
equivalent  in  effect  to  circular  currents  surrounding  the  mass 
as  a  whole  in  planes  at  right  angles  to  the  magnetic  axis,  and 
the  facts  observed  by  Ampere  as  to  mutual  attraction  and  re- 
pulsion of  conductors  conveying  currents  of  electricity  serve, 
as  is  well  known,  to  explain  the  directive  action  exerted,  under 
all  circumstances  of  relative  position,  by  the  earth  upon  ordi- 
nary magnets,  and  also  upon  movable  conductors  through 
which  ordinary  electric  currents  are  passing. 

Thus  a  magnetized  bar  of  steel,  if  freely  suspended,  sets 
itself  (magnetic)  north  and  south,  and  may  be  considered  as 
surrounded  by  circular  electric  currents  which  on  the  lower 
side  of  the  bar  are  moving  from  east  to  west.  And,  in  like 
manner,  a  helix  of  wire,  when  traversed  by  a  current  from  a 
galvanic  battery,  if  left  free  to  move,  sets  itself  with  its  axis 
north  and  south;  and  in  such  position,  if  we" adopt  the  usual 
detinition  fur  the  direction  of  lh(i  battery-current,  this  current 
is  found  to  be  from  east  to  west  on  the  lower  side  of  the 
spiral,  thus  establishing  parallelism  with  the  assumed  earth- 

*  Comnmuicatcd  by  tiie  Author. 
Phil.  Mag.  S.  5.  Vol.  4.  No.  2G.  Nov.  1877.  Y 
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currents,  which  pass  also  from  east  to  west  on  the  upper  sur- 
face of  the  earth  beneath. 

In  one  respect,  however,  the  analogy  between  the  earth 
and  a  large  maenet  seems  at  first  sight  to  fail.  If  into  the 
neighbourhood  of  an  ordinary  magnet  we  bring  a  second 
magnetic  bar,  or  instead  of  it  a  spiral  wire  traversed  by  an 
electric  current,  not  only  have  we  directive  action,  tending  to 
render  the  axes  of  the  bars  (or  of  bar  and  helix)  parallel,  but 
there  is  also  attraction,  tending  to  bring  the  two  acting  masses 
together,  whence  we  might  expect  to  find  that  a  magnet,  or 
spiral  conductor  conveying  a  current,  would  also  be  specially 
attracted  by  our  earth  after  taking  up  the  naturally  assumed 
north  and  south  position — or,  in  other  words,  that  the  weight 
of  such  mass  would,  under  these  circumstances,  seem  to  be 
increased.  Conversely,  if  two  magnetic  bars  be  placed 
parallel  to  each  other  with  similar  poles  adjacent,  we  haA-e 
rejndsion,  the  currents  of  Ampere  on  the  nearer  sides  of  the 
bars  being  in  opposite  directions  ;  and  so  we  might  look  for 
repulsion  by  the  earth,  or  an  apparent  decrease  of  weight,  on 
the  part  of  an  ordinary  magnet  placed  parallel  to  the  earth's 
magnetic  axis,  but  with  reversed  poles,  or  on  the  part  of  a 
helix  of  wire  similarly  placed  but  traversed  by  a  current 
passing  from  west  to  east  on  the  lower  side  of  the  spiral.  No 
such  appearance  of  change  of  weight  occurs. 

This,  however,  may  be  readily  seen  to  arise  from  the  neu- 
tralizing effect  of  the  action  on  one  side  of  the  magaet  or 
helix  upon  that  exerted  on  the  other,  the  difference  of  distance 
of  the  two  from  the  earth  as  a  whole  being  practically  nothing. 
But  if  one  side  could  be  detached  from  the  other,  and  action 
upon  the  one  alone  observed,  attraction  and  repulsion  ought 
to  be  producible.  In  the  case  of  a  magnetic  bar  this  cannot 
be  accomplished,  but  with  a  helix  it  can,  one  portion  of  the 
wire  being  rendered  movable  in  relation  to  the  rest,  while 
preserving  continuity  of  the  electric  current.  The  helix  may, 
of  course,  for  simplicity's  sake,  be  reduced,  as  in  Ampere's 
well-known  experiments,  to  a  single  circle,  and  this  to  a 
square  or  rectangle  the  sides  of  which  represent  the  vertical 
and  horizontal  components  of  the  current.  A  straight  hori- 
zontal wire,  then,  placed  east  and  west  and  traversed  by  a 
current  from  east  to  west,  should  be  attracted  by  the  earth — 
and  if  the  direction  of  the  current  were  reversed,  should  be 
repelled. 

This  result  was  clearly  foreseen  by  Faraday  in  the  course 
of  his  early  researches  on  electromagnetic  rotation.  At  the 
close  of  his  paper  of  October  1821  *,  he  says  : — "Theoretically, 
*  Quarterly  Journal  of  Science,  xii.  74. 
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therefore,  a  horizontal  wire  perpendicular  to  the  magnetic 
HKU-idian,  if  connected  first  in  one  way  with  a  voltaic  battery, 
and  then  in  the  o})po.sitc  way,  should  have  its  weight  altered  ; 
for  in  the  one  cas(;  it  would  tend  to  pass  in  a  circle  downwards 
and  in  the  other  upwards.  This  alteration  should  take  place 
ditierently  in  ditierent  parts  of  the  world.  The  effect  is  actu- 
ally produced  by  the  pole  of  a  magnet ;  but  I  have  not  suc- 
ceeded in  obtaining  it,  employing  only  the  polarity  of  the 
earth." 

In  a  subsequent  paper,  of  January  1822  *,  he  examines  the 
point  experimentally,  saying,  after  a  description  f  of  the  mode 
in  which  he  demonstrated  the  lateral  motion  of  a  wire  parallel 
to  itself  under  the  influence  of  the  earth's  magnetism  : — "  Re- 
verting now  to  the  expectation  I  entertained  of  altering  the 
ajjparent  weight  of  a  wire,  it  was  founded  on  the  idea  that  the 
wire,  moving  towards  the  north  round  the  pole,  must  rise, 
and,  moving  towards  the  south,  must  descend  ;  inasmuch  as  a 
plane  perpendicular  to  the  dipping  needle  ascends  and  descends 
in  these  directions.  In  order  to  ascertain  the  existence  of 
this  effect,  I  bent  a  wire  twice  at  right  angles,  as  in  the  first 
experiment  described  in  this  note,  and  fastened  on  to  each 
extremity  a  short  piece  of  thin  wire  amalgamated,  and  made 
the  connexion  into  the  basins  of  mercury  by  these  thin  wires. 
The  wire  ^Aas  then  suspended,  not,  as  before,  from  the  ceiling, 
but  from  a  small  and  delicate  lever,  which  would  indicate  any 
apparent  alteration  in  the  weight  of  the  wire.   The  connexions 

*  Quarterly  Journal  of  Science,  xii.  416. 

t  "  A  piece  of  copper  wire,  about  '045  inch  thick,  and  14  inches  lonfjj, 
had  an  inch  at  each  extremity  bent  at  right  angles,  in  the  same  direction, 
and  the  ends  amalgamated ;  the  wire  was  then  suspended  horizontally, 
by  a  long  silk  thread  from  the  ceiling.  A  basin  of  clean,  pm-e  mercury 
was  placed  under  each  extremity  of  the  wire  and  raised  until  the  ends 
just  dipped  into  the  metal.  The  mercury  in  both  basins  was  covered 
by  a  stratum  of  diluted  pure  nitric  acid,  which,  dissolving  any  film, 
allowed  free  motion.  Then,  connecting  the  mercury  in  one  basin  with 
one  pole  of  Hare's  calorimotor,  the  moment  the  other  pole  was  con- 
nected with  the  other  basin,  the  suspended  wire  moved  laterally  across 
the  basins  tiU  it  touched  the  sides :  on  breaking  the  connexion,  the 
wire  resumed  its  lirst  position ;  on  restoring  it,  the  motion  was  again 
produced.  On  changing  the  position  of  the  wire,  the  eflect  still  took 
place ;  and  the  direction  of  the  motion  was  always  the  same  relative 
to  the  wire,  or  rather  to  the  current  passing  through  it,  being  at  right 
angles  to  it.  Thus,  when  the  wire  was  east  and  west,  the  east  end  to 
the  zinc,  the  west  end  to  the  copper  plate,  the  motion  was  towards  the 
north  ;  when  the  connexions  were  reversed,  the  motion  was  towards 
the  south.  When  the  wire  hung  north  and  south,  the  north  end  to 
the  zinc  plate,  the  soutli  end  to  the  copper  plate,  the  motion  was  to- 
wards the  west ;  when  the  connexions  were  reversed,  towards  the  east; 
and  the  intermediate  positions  liad  their  motions  in  intermediate 
directions." 

Y2 
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were  then  made  with  a  voltaic  instrument ;  but  I  was  sur- 
l)rised  to  find  that  the  wire  seemed  to  become  lighter  in  both 
directions,  though  not  so  much  when  its  motion  was  towards 
the  south  as  towards  the  north.  On  further  trial  it  was  found 
to  ascend  on  the  contacts  being  made,  whatever  its  position  to 
the  magnetic  meridian  ;  and  I  soon  ascertained  that  it  did  not 
depend  on  the  earth's  magnetism,  nor  on  any  local  magnetic 
action  of  the  conductors,  or  surrounding  bodies,  on  the  wire. 
After  some  examination  I  discovered  the  cause  of  this  unex- 
pected phenomenon.  An  amalgamated  piece  of  the  thin  cop- 
per wire  Avas  dipped  into  clean  mercuiy  having  a  stratum  of 
Avater  or  dilute  acid  over  it ;  this,  however,  Avas  not  necessary, 
but  it  preserved  the  mercury  clean  and  the  wire  cool.  In  this 
position  the  cohesive  attraction  of  the  mercury  raised  a  little 
elevation  of  the  metal  round  the  wire  of  a  certain  magnitude, 
Avhich  tended  to  depress  the  wire  by  adding  to  its  weight. 
When  the  mercury  and  the  wire  Avere  connected  Avith  the 
poles  of  the  voltaic  apparatus,  this  elevation  visibly  diminished 
in  magnitude  by  an  apparent  alteration  in  the  cohesive  attrac- 
tion of  the  mercury,  and  a  part  of  the  force  AA'hich  before 
tended  to  depress  the  Avire  AA^as  thus  remoA'ed.  This  alteration 
took  place  equally,  AA'hatever  the  direction  in  Avhich  the  current 
Avas  passing  through  the  Avire  and  the  mercury  ;  and  the  effect 

ceased  the  moment  the  connexions  AA^ere  broken 

Whether  the  effect  is  an  actual  diminution  of  the  attraction 
of  the  particles  of  the  mercury,  or  depends  on  some  other 
cause,  remains  as  yet  to  be  determined.  But,  in  any  case,  its 
influence  is  so  poAverful  that  it  must  always  be  estimated  in 
experiments  made  to  determine  the  force  and  direction  of  an 
electromagnetic  Avire  acted  on  by  a  magnetic  pole,  if  the 
direction  is  otherwise  than  horizontal,  and  if  they  are  observed 
in  tlie  Avay  described  in  this  note.  Thus,  at  the  magnetic 
ofjuator,  for  instance,  Avhere  the  apparent  alteration  of  Aveight 
in  an  electromagnetic  Avire  may  be  expected  to  be  greatest, 
the  diminution  of  Aveight  in  its  attempt  to  ascend  Avould  bo 
increased  by  this  effect,  and  the  apparently  increased  gravity 
produced  by  its  attem})t  to  descend  would  be  diminished  or, 
perhaps,  entirely  counteracted." 

The  results  of  these  experiments  of  Faraday  upon  the  earth's 
action  on  a  movable  horizontal  current  have  been  transferred 
to  all  the  text-books  ;  and,  old  as  they  now  are,  I  know  of  no 
essential  addition  to  them,  though  the  mode  of  theoretically 
Aicwinn-  the  relation  in  question  hasAaried  a  little  in  different 
hands.  It  appears  that  he  did  not  succeed  in  directly  demon- 
strating the  vertical  component  of  the  attraction  or  repulsion, 
due  to  the  earth,  in  the  shape  of  apparent  change  of  weight 
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of  tlio  wire,  having  in  all  cases  observed  vertical  repulsion 
duo  to  another  cause  than  the  earth's  action — though  he  does 
secMi  to  have  ohtained  an  indication  of  the  result  ho  sought  in 
noticing  that  this  repulsion  was  "  not  so  nnich  "  when  the 
horizontal  motion  of  the  wire  was  towards  the  south  as 
AA'lien  it  moved  northwards.  Nevertheless,  that  a  horizontal 
wire  should  seem  to  become  heavier  when  an  electric  current 
is  sent  through  it  from  east  to  west,  and  lighter  wlion  tho 
current  is  from  west  to  east,  follows  so  directly  from  our 
whole  theory  of  electro-magnetic  relatioiis,  that  years  ago, 
before  I  had  read  Faraday's  papers  above  quoted,  I  had  noted 
down  this  point  as  one  to  be  practically  tested.  I  have  lately 
made  the  experiment,  and  with  a  result  fully  in  accordance 
with  theory. 

A  strip  of  light  dry  poplar  {Liriodendron'),  3  metres  long, 
25  millims.  witle  and  5  millims.  thick  ,was  placed  horizontally 
on  edge,  and  served  to  support  ten  pieces  of  insulated  (cotton- 
covered)  copper  wire,  1  millim.  in  diameter,  each  ])iece  a 
little  longer  than  the  strip,  these  wires  being  carefully 
stretched  parallel  to  each  other,  five  on  each  side  the  strip 
toward  the  lower  edge,  and  attached  to  the  wood  by  little 
cleats  at  the  necessary  intervals  to  prevent  sagging.  At  each 
end  the  wires  were  bent  out  horizontally  so  as  to  leave  spaces 
of  about  20  millims.  between  them,  and  were  then  bent  down- 
wards at  right  angles  and  cut  off  so  as  to  leave  points  like  tho 
teeth  of  a  rake  about  40  millims.  long  ;  these  points  were 
amalgamated.  This  system  of  wires  was  supported  in  a  hori- 
zontal position  from  one  arm  of  an  excellent  balance,  slender 
cords  attached  at  several  ])oints  along  the  strip  being  assem- 
bled at  a  single  ring,  by  which  the  whole  was  hooked  on,  and 
counterpoised. 

The  total  weight  was  about  505  grms.,  the  balance  being- 
capable  of  bearing  a  kilogramme  in  each  pan,  while  turning 
with  a  fraction  of  a  milligramme.  Two  oblong  blocks  of  hard 
wood  were  provided,  each  of  which  had  sunk  in  the  upper 
surface  a  row  of  ten  holes,  18  millims.  in  diameter  and  30 
millims.  deep,  at  intervals  of  20  millims.  from  centre  to  centre, 
to  serve  as  so  many  independent  mercury-cups  in  which  the 
ends  of  the  long  wires  should  dip  ;  a  like  number  of  small 
holes  bored  obliquely,  and  connnunicating  with  the  larger  ones 
at  bottom,  served  to  introduce  the  ends  of  the  battery- wires. 
These  battery-wires  were  also  insulated,  ten  in  number,  and 
9  metres  each  in  length,  one  of  them  being  afterwards  cut  in 
two  in  the  middle.  They  were  stretched  parallel  to  each 
other  and  near  together  on  a  light  wooden  frame  ibrniing 
three  sides  of  a  horizontal  square,  of  which  the  movable  system 
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of  wires  fonned  the  fourth  side  ;  these  sides  were  laid  down 
on  the  floor  north  and  south,  east  and  west,  respectively,  by 
compass.  In  the  course  of  the  experiments  the  frame  was 
shifted  round  so  as  to  make  the  movable  wires  occupy  in 
succession  the  position  of  each  of  the  four  sides.  The  gal- 
vanic battery  (Grove's)  was  placed  in  an  adjoining  room  ;  and 
its  polar  wires  communicated  with  those  of  the  frame  by  two 
single  mercury-cups.  Ten  cylindrical  cells  were  used,  in  each 
of  which  the  immersed  platinum  surface  was  about  140  square 
centimetres  for  each  side  of  the  sheet.  The  current  came  in 
at  the  middle  of  the  side  of  the  square  opposite  to  the  sus- 
pended wires,  passed  round  to  the  first  of  the  series  of  mercury- 
cups  by  one  of  the  half-length  wires,  thence  along  the  first  of 
the  ten  suspended  wires,  back  around  three  sides  of  the  square 
to  the  second  mercury-cup,  thence  over  the  second  suspended 
wire,  and  so  on,  until  it  returned  to  the  battery  by  the  second 
half-length  wire,  leaving  the  frame  close  to  the  point  at  which 
it  came  in.  The  whole  arrangement  of  wires  was,  in  fact,  a 
spiral  coil  of  ten  turns,  distorted  into  a  square,  laid  down  in  a 
horizontal  plane,  and  having  one  of  its  four  sides  free  to 
move  up  and  down  vertically  while  maintaining  the  current 
unbroken. 

With  this  apparatus  it  was  found  that,  when  the  movable 
wires  were  made  to  run  east  and  west,  Avhether  on  the  northern 
or  southern  side  of  the  square,  the  side  of  the  balance  to  which 
they  were  attached  sensibly  preponderated  if  the  current  (as 
usually  defined)  was  passed  from  east  to  west,  and  the  oppo- 
site side  Avent  down  if  the  current  was  sent  from  west  to  east. 
The  motion  was  not  simply  a  momentary  impulse,  but  the 
disturbance  of  equilibrium  w\as  permanent  while  the  current 
was  maintained.  The  amount  of  motion  was  decidedly  greater 
in  the  direction  of  repulsion,  or  a})parent  loss  of  Avoight,  than 
in  the  opposite  case.  In  both  cases  the  amplitude  of  swing 
of  the  l)alance-index  Avas  very  small,  for  the  obvious  reason 
that  a  very  little  rise  or  fall  of  the  system  of  wires  introduced 
a  serious  ditference  of  Aveight  in  the  shape  of  disturbed  buoy- 
ancy of  the  copper  depressed  into  or  lifted  out  of  the  mercury. 
The  attempt  Avas  made  to  ascertain  Avhat  Aveight  Avould  bring 
back  the  balance-index  to  zero  after  each  disturbance  ;  but  the 
measurements  Avere  not  A^ery  satisfactory,  in  consequence  of 
the  cloffjring  of  motion  by  the  immersion  of  the  ends  of  amal- 
gamated  copper  Avu'e  in  mercury  and  the  ease  Avitli  Avhich 
mercury  Avas  taken  up  or  lost  in  varying  amount  on  their 
surfaces.  The  aA'erago  of  the  best  determinations  obtained 
when  the  galvaijic  battery  Avas  in   full   activity  Avas    about 
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•42  grm.  for  the  equivalent  of  attractive  action  or  apparent 
increase  of  weight,  and  "56  grm.  for  that  of  repulsion  or  ap- 
parent loss  of  -weight.  Of  course  such  measurements,  even  if 
more  accurately  made,  would  apply  only  to  the  special  condi- 
tions of  the  experiment  as  arranged. 

When  the  movable  system  of  wires  was  placed  north  and 
south,  whether  on  the  east  or  west  side  of  the  square,  and 
whether  the  current  was  passed  from  north  to  south  or  the 
reverse,  there  was  slight  repulsion  or  apparent  loss  of  weight. 
In  all  positions  slight  lateral  swings  of  the  movable  wires,  in 
all  cases  in  the  direction  first  described  by  Faraday,  were 
easily  observed. 

It  is  proper  to  notice  an}^  conditions  of  the  above  experi- 
ments Avhich  might  give  rise  to  misinterpretation  of  the 
observed  results  : — 

1.  If  the  movable  wires  were  heated  by  the  passage  of  the 
electric  current  there  would,  of  course,  be  a  tendency  to  appa- 
rent loss  of  weight  by  the  production  of  an  ascending  gaseous 
current  in  the  surrounding  air.  This  could,  however,  in  no 
case  produce  the  opposite  result ;  and  in  point  of  fact  there 
was  no  sensible  heating  of  the  wire. 

2.  The  mutual  action  during  the  passage  of  the  current 
between  the  mercury  and  the  ends  of  copper  wire  immersed 
in  it  (which  Faraday  seems  to  have  been  inclined  to  explain  by 
changed  cohesive  or  adhesive  relations,  and  which  Ampere 
proposed  to  view  as  evidencing  the  repulsion  of  one  section  of 
a  rectilinear  current  by  another  forming  its  prolongation), 
acting  as  it  did  in  the  same  way  at  both  ends  of  the  movable 
Avires,  caused  repulsion  or  apparent  loss  of  weight,  thus  in- 
creasing the  effect  obsened  in  this  direction  ;  but  this  cause, 
again,  could  never  ])roduce  the  opposite  effect. 

3.  According  to  the  laws  of  Ampere  there  was  obviously  a 
repulsive  action  of  the  wires  of  all  three  fixed  sides  of  the 
squaro  upon  the  movable  system ;  and  this  repulsion  involved 
a  small  upward  vertical  component,  since  the  movable  wires 
were  suspended  at  a  level  a  little  above  the  plane  in  which  the 
other  three  sides  of  the  square  lay.  The  amount  of  this  ten- 
dency to  increase  of  apparent  loss  of  weight  must  have  been 
very  small;  and,  as  before,  no  explanation  of  the  opposite  gain 
of  weight  can  thence  be  derived. 

4.  The  only  suggestion  of  possible  fallacy  as  to  the  apparent 
gain  of  weight  seems  to  come  from  the  following  consideration. 
If  the  lateral  motion  of  the  wire  parallel  to  itself  which  Faraday 
first  described  be  viewed  as  showing  simply  a  tendency  to 
motion  in  a  horizontal  plane,  the  point  of  suspension  of  the 
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movable  wire  or  wires  being  fixed  so  far  as  horizontal  motion 
is  concerned,  there  would  be  a  lateral  sivimj  of  the  turned- 
down  ends  tending  to  lift  them  partially  out  of  the  mercury  ; 
and  to  the  extent  that,  by  such  lifting,  copper  in  mercury 
was  exchanged  for  copper  in  air,  there  Avould  of  course  be 
increase  of  effective  weight  brought  to  bear  upon  the  balance. 
But  measuring  the  lengths  of  the  balance-index,  arm  of  the 
beam,  and  vertical  distance  from  suspending-ring  to  surface 
of  mercury  in  which  the  wires  dipped  showed,  on  very  simple 
calculation,  that  the  amount  of  vertical  motion  observed  would 
require,  to  be  thus  accounted  for,  not  only  a  far  greater  am- 
plitude of  horizontal  swing  than  Avas  actually  seen  to  occur, 
but  much  greater  than  could  possibly  occur  without  being 
arrested  by  the  wires  striking  the  sides  of  the  mercury- 
cups. 

Thus  it  appears  that  in  all  positions  of  the  suspended  wires 
there  was  a  tendency  to  upward  motion  when  the  current 
passed  ;  and  when  the  current  was  from  east  to  west,  and  the 
reverse,  the  apparent  gain  and  loss  of  weight  represented  the 
sum  and  difference  respectively  of  this  tendency  with  the  true 
vertical  component  of  the  earth's  action. 

It  behoves  every  one  who  follows  in  the  footsteps  of 
Faraday,  and  obtains  an  experimental  result  in  any  way  diffe- 
rent from  his,  to  note  carefully  in  what  respect  such  difference 
may  be  due  to  variation  of  the  conditions  observed.  In  this 
case,  beside  the  experiment  having  been  made  at  another  part 
of  the  earth's  surface,  and  wilh  some  difference  of  intensity  of 
the  earth's  magnetism,  the  main  poinfs  in  which  the  experi- 
ment was  varied  V('ero  these  : — 

1.  The  substitution  of  several  wires  for  a  single  one.  This, 
however,  is  not  essential,  as  the  result  was  verified  afterwards 
with  but  one  wire. 

2.  The  use  of  a  stronger  galvanic  current.  That  employed 
by  Faraday  was  derived  from  a  single  pair  of  plates  of  copper 
and  zinc,  of  the  arrangement  proposed  by  Dr.  Hare  under 
the  name  calorimotor  ;  the  size  of  the  plates  is  not  given,  or 
the  strength  of  the  acid  used;  but  it  is  stated  that  the  current 
"  Avould  barely  warm  two  inches  of  any-sized  ware."  One 
would  hardly  suppose  the  external  resistance  sufficient  to 
make  employment  of  several  pairs  of  plates  important ;  yet 
in  a  repetition  of  the  experiment  with  a  single  wire  and  a 
Smee's  battery  of  six  cells,  I  found  fhat  the  effect  obtained 
was  distinct  with  the  cells  arranged  in  series,  and  unobserv- 
able  when  the}'  were  coupled  so  as  to  form  but  a  single 
pair  of  plates. 

o.  The  main  reason,  however,  that  Faraday  did  not  obtain 
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the  result  expected  and  .sou;^]it  for  is,  I  believe,  to  bo  found 
in  the  relative  lenrrths  of  the  horizontal  and  vertical  portions 
of  the  movable  wire  he  employed,  lie  does  not  state  these 
lengths  directly  for  the  experiment  in  M^hich  the  wire  was 
suspended  to  a  lever-arm,  but  says,  "  I  bent  a  wire  twice 
at  rjoht  angles,  as  in  the  first  experiment  described  in  this 
note,  and  fastened  on  to  each  extremity  a  short  piece  of  thin 
wire  amalganiatiHl  ;"    and   from  the   description  of  this  first 

experiment  it  appears  that  "a  piece  of  wire fourteen  inches 

long,  had  an  inch  at  each  extremity  bent  at  right  angles ;  " 
so  that  probably,  with  the  pieces  of  finer  wire  attached,  the 
ttn-ned-down  ends  may  have  been  each  a  couple  of  inches 
long,  while  the  horizontal  portion  was  only  twelve  inches, 
thus  making  the  ratio  of  the  vertical  portion  of  the  movable 
current  to  the  horizontal  perhaps  =1:3,  while  in  my  appa- 
ratus this  ratio,  measuring  the  turned-down  ends  of  wire  to 
the  surface  of  the  mercury,  =  about  1 :  40.  In  a  subsequent 
experiment  to  examine  the  nature  of  the  action  which  he  had 
noticed  between  the  copper  wire  and  the  mercury,  Faraday 
seems  to  have  relatively  shortened  the  horizontal  portion  of 
the  wire,  making  it  only  two  inches  long;  and  he  then  ob- 
tain(Ml  nuich  increased  rise  of  the  wire  on  establishing  the 
current. 

It  was  apparently  the  opposite  step,  viz.  relatively  increasing 
the  length  of  llie  horizontal  wire  that  was  needed  to  so  reduce 
the  disturbing  influence  as  to  enable  the  effect  of  the  earth's 
magnetism,  as  originally  sought,  to  be  observed*. 

There  is,  of  course,  nothing  ncAv  in  ])rinciple  in  the  experi- 
ments above  described,  the  results  following  directly  from 
what  are  admitted  on  all  hands  as  the  laws  of  electro-magnetic 
action  ;  but  it  is  always  interesting  to  verify  for  the  first  time 
by  direct  observation  any  consequence  of  such  well-established 
laws,  and  I  have  been  iniable  to  find  any  record  of  other 
work  on  this  particular  point  except  the  incomplete,  and  in 
a  sense  unsuccessful,  experiments  of  Faraday  which  have 
been  quoted. 

University  of  Virginia, 
September  5,  1877. 


*  I  liave  found  that,  making  the  tiuncd-duwn  ends  quite  short,  the 
e\j^erimcnt  may  he  made  to  give  fairly  ohser^ahlc  results  -with  a  single 
wire  not  more  than  a  metre  in  length. 
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XLV.    On  the  Tnflnence  of  Light  on  Electrical  Tension 
in  Metals.     By  R.  Bornstein  *. 

RECENT  experiments  Lave  undoubtedly  established  the 
fact  that  luminous  radiation  produces  on  the  electrical 
behaviour  of  metals  an  effect  which  cannot  be  due  merely  to 
an  elevation  of  temperature.  This  action  takes  place  in  two 
Avays,  either  producing  a  change  in  the  electrical  resistance 
(a  diminution)  or  a  change  in  the  electrical  tension.  In  a 
former  paper  t  the  author  has  given  a  summary  of  the  results 
obtained  by  other  observers  with  respect  to  the  dependence 
of  the  resistance  on  the  illumination.  On  the  subject  of  a 
change  of  electrical  tension  produced  by  illumination,  experi- 
ments have  been  made  by  Becquerelj,  Grove  §,  Pacinotti  ||, 
Hankel%  and  Adams  and  Day**. 

The  first  four  of  these  observers  examined  into  the  electrical 
phenomena  which  were  presented  when,  of  two  plates  of  the 
same  metal  plunged  in  the  same  liquid,  one  was  illuminated 
while  both  were  connected  with  the  terminal  wires  of  a  sensi- 
tive galvanometer.  Under  these  conditions  different  kinds 
of  light  were  found  to  produce  distinct  variations  in  the  che- 
mical action  ;  and  this  difference  of  chemical  action  caused  the 
illuminated  plate  to  acquire  an  electrical  state  opposite  to  that 
of  the  unex[)Osed  one ;  and  consequently  an  electrical  current, 
which  could  be  measured  by  a  galvanometer,  was  generated 
between  the  two  jjlates.  In  the  papers  of  Grove,  Pacinotti, 
and  Hankel  we  find  descriptions  of  the  changes  which  took 
place  when  conductible  heat  instead  of  light  was  allowed  to 
act  upon  one  of  the  metal  plates.  Grove  found  that  heat 
produced  no  effect  when  acting  upon  one  of  two  platinum 
plates  standing  in  water  slightly  acidulated  ;  he  attributes  the 

*  Translated  by  R.  E.  Day,  M.A. 

t  Ber  Einflms  ctes  Lichtes  mif  den  elektrischen  Leitungsiciderstand  von 
Matallen.  Ileidelberg :  Carl  Winter's  Uuiversitatsbuchhandlung.  8vo, 
1877. 
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whole  of  the  cfFoct  of  illumination  to  the  galvanic  polarization 
produced  by  the  light.     Blue  light  acted  nmch  more  power- 
fully than  yellow;  red  light  was  the  weakest;  and  consequently 
Grove  conclud(>.s  that  these  phenomena  arc  due  to  the  chemical 
and  not  to  the  thermal  rays  of  the  solar  beam,  snice  in  the 
latter  case  the  colours  would  act  in  the  reverses  order,     i  aci- 
notti  states  that,  of  two  copper  plates  stan.ling  in  sulphate  or 
nitrate  of  copper,  the  illuminated  one,  when  exposed  to  tlie 
rays  of  the  sun,  of  a  petroleum  lamp,  or  to  the  radiation  troin 
a  heated  iron  i^lato,  was  always  negative  to  the  other.     Un 
the  other  hand,  when  he  placed  two   smal    insulated  copper 
boxes  of  different  sizes,  one  within  the  other,  and  hi  ec    Uio 
space  between  them  and  the  inner  one  with  water  of  ditte- 
rent   temperatures,  the   warm    copper   was    positive    to    the 
colder.     Hankel  found  that  warm  copper  was  always  nega- 
tive with  respect  to  cold  copper  ;    when   two  well-polished 
coi)]ier  plates  were  plunged  in  water,  and  one  was  exposed  to 
sunlight,  it  became  negative  to  the  other  ;  and,  on  the  other 
hand  tlu«  more  the  plates  were  oxidized  or  covered  with  salts, 
the  more  did  the  illuminated  one  acquire  the  positive  state. 
One  or  two  Volta's  piles  were  found  to  give  opposite  ettects 
according  as  they  were  exposed  to  luminous  radiation  or  to 
heat.      Hankel  also  experimented  with  plates  of  sih-er,  tin, 
brass,  zinc,  and  platinum  ;  but  he  describes  only  the  eftects  ot 
exposure  to  light,  and  no  experiments  with  heat. 

In  all  these  experiments  the  electrical  currents  were  pro- 
duced simultaneously  with  certain  chemical  i)henomena,  and 
as  is  assumed  to  be  the  case  by  some  of  the  above-named 
physicists,  resulted  from  them.  But  it  appears  that  electrical 
currents  may  be  generated  by  the  action  of  light  without  any 
chemical  action,  in  a  maniKsr  analogous  to  that  ot  thermo- 
electric currents,  for  the  production  of  which  no  chemical 
action  is  requisite.  .      , 

Currents  such  as  these,  which  are  generated  in  a  simple 
metallic  circuit  by  the  action  of  light,  have  hitherto,  as  far 
as  I  am  aware,  been  observed  and  described  only  by  Adains 
and  Day  in  the  paper  above  mentioned.  They  state  that,  in 
severalof  the  pieces  of  selenium  examined  by  them,  a  ])artial 
illumination  produced  a  difference  of  potential,  hi  virtue  of 
which  an  electrical  current  was  developed,  and,  further  that 
at  the  points  where  th(>,  platinum  connecting-wires  wc^re  fused 
into  the  selenium,  illumination  produced  a  current  opposite 
in  direction  to  what  a  thermoelectric  current  should   have 

been.  ,  .  ,.        , 

I  have  endeavoured  to  connect  this  peculiar  phenomenon 
with  some  other  metals;  and  the  experiments  described  in  this 
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paper  have  shown  that  exactly  the  same  behaviour  is  exhibited 
by  the  five  substances  Avhich  I  have  examined,  viz.  silver, 
platinum,  copper,  gcid,  and  aluminium  ;  and  therefore  it  is 
highly  probable  that  the  analogy  holds  for  all  other  metals. 
All  the  metallic  laminoe  employed  were  laid  upon  rectangular 
glass  plates,  the  two  halves  of  which  were  coated  with  different 
metals.  The  dimensions  of  those  plates  Avero  100  by  80  milli- 
metres, except  the  plates  coated  with  platinum,  the  edges  of 
which  were  45  and  70  millimetres  in  length.  The;  silver 
was  deposited  by  Martin's  method  ;  the  platinum  was  burnt 
in  on  plate  glass  ;  the  copper,  the  gold,  and  the  aluminium 
were  in  thin  leaves,  such  as  are  used  by  gilders  and  may  be 
purchased  in  the  shops.  These  leaves  can  be  floated  on 
water  and  then  lifted  out  by  means  of  the  glass  plate  which 
is  to  be  coated  ;  and  then,  if  the  drops  of  water  still  clinging 
to  the  plate  ])e  removed  by  a  gentle  heat,  the  metallic  lamina 
adheres  firmly  to  the  glass.  In  the  middle  of  the  plate,  where 
the  two  metals  met,  they  overlapped  to  a  distance  of  from  15 
to  20  millimetres.  Of  the  different  laminaa,  the  silver  appeared 
blue,  the  ])latinum  grey,  and  the  gold  green  by  transmitted 
light,  while  the  copper  and  the  aluminium  were  not  trans- 
parent. A  chemical  analysis  sho^^'cd  that  the  copper  con- 
tained small  quantities  of  tin  and  traces  of  iron  ;  the  gold 
was,  as  far  as  could  be  ascertained,  pure  ;  and  the  aluminium 
contained  traces  of  iron.  For  the  purpose  of  making  contjict 
with  the  metallic  laminae,  small  strips  of  tinfoil  were  pasted 
on  to  th(5  narrow  ends  of  the  glass  plates.  The  layers  of 
silver  and  ])latinum  were  connected  with  the  tinfoil  by  little 
strips  of  aluminium,  while  the  leaves  of  copper,  gold,  and 
aluminium  rested  upon  the  edges  of  the  strips  of  tinfoil  and 
thus  completed  the  electrical  contact.  Copper  wires  were 
soldered  to  both  the  strips  of  tinfoil  on  each  plate.  Lastly, 
strips  of  black  paper  were  pasted  over  the  junctions  of  the 
tinfoil  and  the  metallic  lamina  which  was  to  be  examined, 
the  blackened  face  being  towards  the  metal,  so  as  to  prevent 
any  rays  reaching  these  junctions  ;  and  then  the  plates  were 
ready  for  an  experiment. 

The  observations  were  made  with  a  galvanometer  having  an 
astatic  nedele,  a  mirror,  and  a  scale  ;  and  the  galvanometer 
was  connected  with  the  plate  under  examination  by  a  com- 
mutator, through  which  the  circuit  was  completed.  The  pre- 
sence of  any  electromotive  force  could  bo  unmistakably 
proved  by  turning  the  connnutator;  and  the  readings  corre- 
sponding to  reversed  positions  of  the  commutator  differed 
always  by  twice  the  amount  of  the  deflection  to  be  observed. 
The  position  of  equilibrium  of  the  galvanometer-needle  was 
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constant,  with  the  exception  of  very  slight  variations  duo  to 
changes  of  temperature.  These  variations  were  so  gradual 
that  it  was  impossible  to  confound  them  with  any  of  the  phe- 
nomena here  described,  and  so  muc^i  the  less  as  the  direction 
of  the  deflections  due  to  the  behaviour  of  the  metallic  plate 
could  be  and  was  altered  at  pleasure.  The  apparatus  was  so 
gcnsitive  that  with  a  single  thermoelectric  couple  of  iron  and 
(jerman  silver  a  deflection  of  300  millimeti-es  was  obtained  on 
■yyr,^rming  the  junction  with  the  hand.  In  this  case  the  distance 
Qf  th(^  mirror  from  the  scale  was  about  2\  metres.  In  com- 
j^-jyucing  operations  each  of  the  plates,  already  described, 
was  covered  with  a  black  cloth  and  left  to  itself  until  any 
poss''^^'^  deflection  of  the  galvanometer  had  vanished.  This 
p].(3(^aution  was  necessary,  OAving  to  the  fact  that,  when  the 
Jiff^rent  parts  of  the  apparatus  had  been  recently  connected, 
Jif}'(jrences  of  temperature  had  probably  arisen,  through  the 
tioht^ning  of  binding-screws,  the  warmth  of  the  observer's 
body   '^"*^  other  causes. 

^g  soon  as  the  galvanometer  indicated  no  change  for  re- 
versed positions  of  the  commutator,  the  plate  was  uncovered, 
and  waS  ^li^ii  exposed  to  diffuse  daylight,  when  a  small  deflec- 
tion waS  sometimes  observable.  This  deflection  immediately 
increase<i  when  the  metallic  side  of  the  plate  was  illuminated 
by  maf>'ne'^i^^"^-^itolit'  The  true  deflections,  /'.  e.  the  semidiffe- 
rences  of  ^^'^  extreme  positions  of  rest  of  the  needle  corre- 
sponding fo  reversed  positions  of  the  commutator,  amounted, 
when  niao-i^csium-light  was  employed,  to  from  one  to  four 
millimetres.  After  exhibiting  this  phenomenon,  each  plate 
was  then  wfii'incd  by  means  of  a  spirit-lamp  at  the  junction 
of  the  two  nietals,  and  a  deflection  was  thereby  [)roduced 
which  was  invariably  o})posito  in  direction  to  the  previous 
one,  and,  in  general,  greater  than  it.  Thci  plates  were  usually 
warmed  on  the  glass  side  ;  but  there  was  no  difference  in  the 
effect  when,  as  was  done  in  a  few  cases,  [the  flame  of  the 
spirit-lamp  was  brought  into  actual  contact  with  the  metallic 
surfaces.  The  connexions  between  the  plate  and  the  connnu- 
tator  were  repeatedly  changed,  in  order  to  make  sure  that  the 
electrical  currents  observed  on  exposure  to  light  originatul 
in  the  metal  plates  themselves,  and  not  in  any  other  part  of 
the  apparatus.  Under  these  circumstances  it  was  clearly 
proved  that  the  current  generated  by  the  light  had  always  the 
same  direction  in  each  particular  plate,  and  consequently  must 
have  originated  within  it. 

Of  the  five  metals  here  mentioned,  nine  different  combina- 
tions of  two  were  examined,  and  several  S];)ecimens  of  each 
combination  were  prepared ;  so  that,  on  the  ^^•lloIe,  thirty  plates, 
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each  consisting  of  a  pair  of  dissimilar  metals,  were  employed. 
The  ditferent  samples  of  the  same  combination  Avere  so  arranged 
that,  as  far  as  possible,  each  of  any  two  particular  metals 
should  sometimes  be  the  upper  and  sometimes  the  lower  one 
at  the  surface  of  contact ;  but  the  results  of  the  experiments 
gave  no  indication  of  this  producing  any  difference.  The 
silver  and  the  platinum,  on  account  of  their  adherence  to  the 
glass,  could  only  form  the  lower  layer  in  any  combination. 
The  tenth  possible  combination,  viz.  platinum  and  silver, 
could  not  be  prepared. 

On  warming  the  junctions,  the  thermoelectric  series  of  the 
metals  under  examination  was  found  to  be  as  follows  : — 

+  Silver, 
Platinum, 
Copper, 
Gold, 
Aluminium. 

In  this  list  the  relative  positions  of  the  first  two  metals  is 
assumed  from  the  results  obtained  by  several  other  observers. 
It  was  impossible  to  determine  directly  the  relative  behaviour 
of  silver  and  platinum. 

Under  the  influence  of  luminous  radiation  these  metals 
arranged  themselves  in  the  reverse  order,  viz. : — 

+  Aluminium, 
Gold, 
Copper, 
Platinum, 

Silver. 

Here,  again,  the  relative  behaviour  of  platinum  and  silver 
could  only  be  determined  by  analogy. 

Some  experiments  were  then  made  with  plates  consisting 
of  one  metal  onl}',  the  construction  of  these  plates  being,  in 
other  respects,  exactly  like  that  of  the  previous  ones.  In  one 
such  single  plate  of  gold  a  current  was  produced  on  illumina- 
tion, and  a  current  in  the  opposite  direction  on  slightly  warm- 
ing it.  In  this  case  we  may  fairly  assume,  just  as  in  the 
experiments  of  Adams  and  Day  with  partially  illuminated 
pieces  of  selenium,  that  the  substance  was  not  homogeneous, 
and  therefore  behaved  like  a  combination  of  different  metals. 
Other  plates,  which  consisted  of  silver  only,  or  of  aluminium 
only,  showed  no  electromotive  force  under  the  action  of  light. 
AYhen,  instead  of  using  the  magnesium-light,  the  unrefracted 
solar  rays  were  allowed  to  fall  upon  the  plates  composed  of 


Light  on  Electrical  Tension  in  Metals.  335 

two  metds,  nothing  but  a  thermoelectric  current  could  be 
detected.  This  was  analogous  to  the  behaviour  of  illuminated 
silver  plates,  whose  electrical  resistance  increased  under  the 
influence  of  the  entire  solar  beam,  while  it  diminished  under 
the  influence  of  particular-coloured  rays. 

The  phenomena  hei-e  brought  forward  might  possibly  admit 
of  an  explanation  analogous  to  that  for  thermoelectric  cur- 
rents. If  these  latter  owe  their  origin  to  the  fact  that  the 
difference  of  electrical  tension  at  the  point  of  contact  of  two 
metals  is  altered  by  a  rise  of  temperature,  then  it  is  quite  con- 
ceivable that  the  difference  of  tension  may  also  be  altered  by 
the  penetration  of  the  luminous  rays.  In  this  hypothesis  we 
need  not  assume  that  the  luminous  action  at  the  surface  of 
contact  of  the  metal  })lates  penetrates  right  through  tin;  upper 
plate  nor  even  influences  the  lower  one  ;  the  mere  iHumiiui- 
tion  of  the  upper  one  can  modify  the  tensional  difference  be- 
tween the  two  plates. 

Now,  in  all  the  experiments  referred  to  in  this  paper,  the 
luminous  radiation  produced  two  simultaneous  effects.  In 
the  first  place,  rays  were  absorbed,  and  consequently  the  tem- 
perature of  the  absorbing  body  was  raised  ;  and  in  this  way 
its  electrical  behaviour  was  indirectly  affected.  But,  further, 
there  must  have  been  another  kind  of  action  due  to  the  Imni- 
nous  raj's,  because  in  these  experiments,  just  as  in  many  of 
the  experiments  of  other  observers,  the  effects  of  light  and 
heat  were  oi)posed  to  each  other.  Now^  if,  in  the  case  of  this 
secondary  action,  the  behaviour  of  the  lujninous  waves  is  dif- 
ferent from  Avliat  it  would  be  if  they  were  merely  absorbed, 
then  we  may  perhaps  suppose  that  such  rays  as  pass  through 
the  illuminated  metal,  or  at  any  rate  penetrate  it  to  a  certain 
de})th,  are  the  direct  cause  of  the  observed  variations  in  elec- 
trical conductivity  and  tension,  which  changes  cannot  arise 
from  heating.  According  to  this  view,  it  would  seem  that 
the  more  transparent  a  metal  is  to  a  particular  kind  of  light, 
the  greater  would  be  the  effect  u})on  it  of  that  light.  Now, 
inasmuch  as  in  this  kind  of  action  the  rays  part  with  a  por- 
tion of  their  vis  viva,  there  is  here  also  absorption,  but  of  a 
different  kind  from  what  is  usually  understood  by  the  term — 
in  which  it  is  generally  assumed  that  the  energy  is  at  once 
converted  into  lieat. 

Now,  if  this  attem])t  at  an  explanation  of  the  electrical 
effect  of  illumination  be  admitted,  then  the  currents  generated 
by  light  would  correspond  in  inany  respects  to  thermoelectric 
ones.  And  this  relation  might  be  expressed  by  calling  those 
currents  which  are  generated  by  light  without  any  chemical 
action,  photoelectric  currents. 


336         Messrs.  M.  M.  Pattison  Muir  and  S.  Sugiura  on 

If  tlie  results  thus  obtained  for  the  five  metals  silver,  pla- 
tinum, copper,  gold,  and  aluminium  be  assumed  to  hold  for 
metals  in  general,  then  the  results  of  this  investigation  may 
be  summed  up  as  follows  : — 

In  a  circuit  consisting  of  two  different  metals  a  j^^Mtoelectnc 
current  is  generated  ivhenever  the  two  junctions  are  exposed  to 
luminous  radiation  of  diff'erent  intensities. 

When  the  same  junction  is  exposed  in  one  case  to  an  increase 
of  temperature  and  in  another  to  a  more  intense  illumination, 
the  thermoelectric  and  j)hotoelectric  currents  respectively  gene- 
rated in  these  cases  are  opposed  to  each  other  in  direction. 


XLVI.  On  Essential  Oil  of  Sage.  Bij  M.  M.  Pattison 
Muir,  F.R.S.E.,  Assistant  Lecturer  on  Chemistry,  and 
S.  Sugiura,  Chemical  Student,  in  The  Owens  College*. 

1.  TT^SSENTIAL  oil  of  sage  is  obtained  by  distilling  sage 

-LJ  (^Salvia  of/icinalis)  with  water.  The  oil  upon  which 
we  have  worked  was  procured  from  Messrs.  Wright,  Layman, 
and  Umney,  of  London.  It  was  by  them  believed  to  be  a 
genuine  specimen.  We  were  unfortunately  unable  to  ascer- 
tain the  age  of  the  sample. 

2.  The  oil  was  of  a  yellowish-brown  colour,  without  any 
shade  of  green.  The  smell  was  intensely  sage-like  ;  the  taste 
was  hot  and  burning  ;  the  reaction  was  neutral.  The  oil  did 
not  become  resinous,  nor  did  it  deposit  solid  matter  on  stand- 
ing in  a  loosely  covered  vessel  for  some  months ;  the  reaction 
remained  neutral. 

The  oil  readily  absorbs  oxygen  from  the  air  ;  about  80 
cubic  centims.  of  the  sample  was  allowed  to  stand  in  an 
inverted  tube  containing  air,  and  placed  in  sunshine.  After 
two  days,  the  level  of  the  oil  in  the  tube  sho^ved  that  the 
oxygen  (about  4  cubic  centims.)  contained  in  the  confined 
air  had  been  entirely  removed.  On  testing  the  oil  with  paper 
soaked  iu  starch-paste  and  potassium  iodide,  a  blue  colora- 
tion was  produced,  but  only  after  some  time. 

Concentrated  nitric  acid  acts  most  energetically  upon  sage- 
oil,  with  the  production  of  a  red  semiresinous  body:  this 
action  is  explosive  in  its  violence  if  the  oil  and  acid  be  shaken 
together. 

{Strong  sulphuric  acid  causes  the  production  of  a  brownish- 
red  semiviscid  mass  ;  by  this  action  mucli  heat  is  developed, 
and  sulphur  dioxide  is  evolved.     If   the  semisolid  mass   be 

*  Read  before  the  British  Pharmaceutical  Conference,  Glasgow  Meet- 
in"-,  187G;  and  Plymouth  Meeting,  1877.  Oummunicated  bj'  the 
Authors. 
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.'illowod  to  renuiin  at  rest  for  twenty-four  Lours,  and  water  be 
then  added,  and  the  liquid  submitted  to  distillation  in  a 
current  of  steam,  a  distillate  is  obtained,  the  oily  portion  of 
which,  when  separated  from  the  atpieous  part  and  dried,  boils 
for  the  most  part  between  215°  and  225°.  This  distillate  ap- 
pears as  a  heavy  yellow-coloured  oil  ;  it  is  most  probably  a 
polymeride  produced  by  the  action  of  the  sulphuric  acid  upon 
the  hydrocarbons  present  in  the  original  oil. 

The  greater  portion  of  the  product  of  the  action  of  strong 
sulphuric  acid  upon  the  oil  remains  behind,  after  distillation 
in  steam,  in  the  form  of  a  very  thick  black  resin,  which  be- 
comes almost  solid  after  standing  in  the  air  for  some  time. 

The  action  of  dry  hydrochloric  acid  gas  upon  sage-oil, 
maintained  at  a  temperature  of  — 10°  to  — 15°,  does  not 
result  in  the  production  of  any  solid  chlorhydrate.  The  pro- 
duct, when  distilled,  boils  chiefly  at  195°  to  205°,  but  contains 
only  from  1  to  2  per  cent,  of  chlorine,  with  varying  quantities 
of  carbon,  hydrogen,  and  oxygen.  If  a  chlorhydrate!  is  origi- 
nally formed,  it  readily  undergoes  decomposition  ;  the  hydro- 
carbons appear  to  be  partially  polymerized  by  the  action  of 
the  hydrochloric  acid. 

A  portion  of  the  oil,  when  mixed  with  about  half  its 
volume  of  water,  the  same  quantity  of  strong  nitric  acid,  and 
one  volume  of  alcohol,  became  dark  red  in  colour,  and  after 
some  days  separated  into  an  under,  light-yellow,  and  an  uj)per, 
dark-coloured  layer.  No  solid  matter  was  de})o,sited,  however, 
after  twelve  months'  standing.  At  the  expiry  of  two  months 
the  two  layers  had  reunited. 

3.  On  submitting  the  oil  to  distillation,  a  small  quantity  of 
water  came  over  ;  after  the  removal  of  this,  distillation  began 
at  about  170°  ;  four  tifths  of  the  whole  quantity  of  oil  dis- 
tilled between  this  point  and  215°,  the  greater  portion  boiling 
between  175°  -and  195°.  That  portion  which  boiled  below 
190°  Avas  treated  with  sodium,  which  caused  the  formation  of 
considerable  quantities  of  red  resinous  matter,  and  again  dis- 
tilled ;  about  four  fifths  of  the  whole  again  passed  over  below 
190°,  leaving  a  semisolid  red  gelatinous  mass,  which  dissolved 
in  ether  to  form  a  brown-coloured  liquid  with  a  slight  green 
fluorescence. 

The  fraction  boiling  at  about  190°  deposited  a  small  quantity 
of  solid  matter  after  standing  for  some  time ;  it  was  therefore 
exposed  to  the  cold  of  several  successive  days  and  nights 
during  a  rather  severe  frost,  whereby  a  larger  quantity  of 
solid  matter  was  separated. 

That  fraction,  obtained  in  the  first  distillation  of  the  oil, 
which  boiled  above  190°,  was  now  submitted  to  fractionation 

Pldl  Mag.  S.  5.  Vol.  4.  No.  20.  Nov.  Wll.  Z 


338       Messrs.  M.  M.  Pattison  Muir  and  S.  Sugiura  on 

without  being  treated  with  sodium.  The  greater  portion 
came  over  below  210°.  After  repeated  fractionation  and 
removal  of  the  solid  matter  which  separated  out  on  standing, 
the  main  portion  of  this  liquid  boiled  between  198°  and  203°. 
After  each  fractionation,  however,  a  considerable  quantity 
of  resinous  matter  remained  in  the  flask  ;  and  it  was  only 
when  this  had  been  repeatedly  removed  that  it  was  found  pos- 
sible to  distil  the  liquid  entirely  below  203°.  It  would  thus 
appear  that  the  liquid  contained  compounds  which  became 
polymerized  by  the  action  of  heat  alone  ;  in  this  respect  it 
agrees  with  the  behaviour  noticed  in  the  case  of  many  other 
essential  oils.  After  repeated  distillation  over  sodium,  the 
fraction  which,  on  the  second  distillation,  boiled  below  190°, 
was  split  up,  for  the  most  part,  into  two  portions  : — a  smaller, 
boiling  from  156°  to  158°;  and  a  larger,  boiling  from  106°  to 
168°.  During  the  fractionation  a  very  considerable  quantity 
of  yellowish-red  resin  was  formed,  chiefly,  it  seemed,  by  the 
action  of  the  sodium  upon  the  oil.  This  resin  was  decom- 
posed by  agitation  with  water ;  the  oil  obtained  was  separated, 
dried,  and  again  fractionated.  From  the  fractions  of  hio;her 
boiling-points  a  large  portion  of  the  solid  matter  already 
noticed  separated  on  standing  at  the  ordinary  temperature. 

In  the  first  distillation  of  the  oil,  boiling  was  discontinued 
upon  the  temperature  reaching  215° ;  that  which  remained 
was  a  thick,  very  dark-coloured  liquid.  This  liquid  was  noAV 
submitted  to  distillation  ;  about  one  half  distilled  beloAv  250°, 
leaving  a  semisolid,  nearly  black  mass  in  the  retort.  On 
fractionating  the  distillate,  solid  matter  was  deposited  from 
those  fractions  which  boiled  below  220°,  but  not  from  the 
higher  fractions.  After  the  removal  of  all  matter  volatile 
below  240°  a  dark-brown  liquid,  with  distinct  green  fluores- 
cence, remained  in  the  flask.  This  liquid  was  subjected  to 
distillation  in  a  current  of  superheated  steam.  About  one 
eighth  of  the  total  liquid  was  obtained  in  the  distillate,  the 
remainder  having  become  almost  solid.  The  distillate,  after 
drying  and  fractionation,  was  found  to  consist  almost  com- 
pletely of  the  solid  matter  already  referred  to,  held  in  solution 
by  hydrocarbons. 

The  oil  was  thus  separated  into  four  main  portions  : — 

(1)  A  liquid  boiling  at  156°  to  158°* 

(2)  A  liquid  boiling  at  166°  to  168°. 

(3)  A  liquid  boiling  at  198°  to  203°. 

(4)  A  solid  deposited  chiefly  from  those  fractions 
of  the  oil  boiling  from  190°  to  220°. 

The  resinous  matter  which  remained  after  the  final  distil- 
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lation  was  very  probably  produced,  or  at  any  rate  partly  pro- 
duced, by  tlio  polymerizing  action  of  heat  upon  the  ongnial 
constituents  of  the  oil. 

4.  That  portion  of  the  distillate  which  boiled  from  lob  to 
158°  was  fractionated  until  the  greater  portion  boiled  con- 
stantly at  157°  to  157°-5  (thermometer  surrounded  with 
vapour,  and  barometer  at  7G0  niillims.)-  The  liquid  so  ob- 
tained was  perfectly  colourless ;  it  had  an  exceedingly  slight 
odour  of  sage. 

We  have  not  subjected  this  liquid  to  analysis;  but  the 
results  of  a  determination  of  its  vapour-density,  and  a  con- 
sideration of  its  general  proi)erties,  leave  no  doubt  that  it 
really  consists  of  a  terpcne,  Cio  Hig. 

The  vapour-density  was  determined  by  a  slight  inodification 
of  ]Iofmann's  method,  which  we  have  described  in  a  paper 
connnunicated  to  the  Chemical  Society*.  The  method  is  easily 
and  quickly  carried  out,  and  yields  results  sufficiently  accurate 
for  general  purposes. 

The  following  numbers  were  obtained  : — 

Height  of  barometer  =755  millims. 

Temperature  of  air  =17°. 

Heio-ht  of  mercurv  column  in  barometer  tube  =5G1 
millims. 

Temperature  of  vapour  =185°. 

Tension  of  mercury  vapour  at  185°  =12  millims. 

Weight  of  mercury  required  to  occupy  space  formerly 
occupied  by  vapour  =1018--4  grms. 

Temperature  of  mercury  =  20°. 

Hence,  volume  of  vapour  =73'28  cubic  centims. 

Weight  of  liquid  =0'0()82  grm. 

Weight  of  volume  of  hydrogen  equal  to  volume  of  vapour 
under  same  conditions  of  temperature  and  pressure  =0*00101 
grm. 

Hence  M  =  ^^^^=G7-40.     Calculated  =  68. 
2      -00101 

5.  The  specific  gravity  of  this  terpene  was  0*8635  at  15°. 
To  Dr.  Gladstone  we  are  indebted   for  determinations  of 

the  refractive  indices  of  this  terpene.     AVe  desire  to  give  our 
best  thanks  to  him  for  his  great  kindness. 

^A=  1-4611.    ^D=l-4667.     /LiH  =  1-4855  at  24°-5. 

Hence  specific  refractive  energy  =  0*0534,  and 
lie fraction-equivalent  =  72-6. 

6.  Ur.  Tildeu  has  been  so  very  good  as  to  examine  the 

*  Chem.  Soc.  Journ,  vol.  ii.  1877,  p.  140. 
Z2 
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action  of  nitrosyl  chloride  upon  this  terpeno,  and  to  determine 
the  rotatory  power  of  a  coUimn  of  the  liquid.  The  action 
of  nitrosyl  chloride  is  in  every  respect  similar  to  that  ob- 
served between  the  same  substance  and  the  terpen  e  from 
French  turpentine  oil  *.  The  nitroso-derivative,  Cio  H15  NO, 
forms  monoclinic  prisms  of  the  same  form  as  those  described 
by  Story  Maskelyne  in  an  appendix  to  the  paper  of  Tilden 
referred  to : — "  The  plane  ends  are  replaced  by  a  sort  of 
pyramid,  which  makes  them  look  more  pointed.  In  general 
appearance  the  ciystals  are  not  unlike  dog-tooth  sparf.  The 
melting-point  of  the  nitroso-derivative  is  129°  ;  the  alcoholic 
solution  of  this  substance  is  optically  inactive.  The  specific 
rotatory  power  of  the  sage-terpene  is  [a]D=— 37'3. 

7.  The  determinations  of  the  optical  properties  of  this 
terpene  agree  very  closely  with  those  which  have  been  made 
for  the  terpene  from  French  turpentine-oil  (terebenthenc). 
Moreover  the  specific  gravity  of  the  sage-terj)ene  is  practi- 
cally identical  with  that  of  terebenthene.  Riban|  gives  the 
formula  0"8767  —  0"0008277  t  as  expressing  the  specific  gravity 
of  terebenthene  at  any  temperature,  t,  below  80°.  At  15°  the 
specific  gravity  would  be  0"8643.  The  specific  gravity  of  sage- 
oil  terpene  is  0*8635  at  15°.  The  boiling-points  of  the  two 
terpenes  are  also  almost  identical,  probably  really  identical. 
As  wo  shall  show  hereafter,  the  sage-terpene  contained  a  small 
quantity  of  cymene,  which  would  tend  slightly  to  decrease 
the  specific  gravity,  and  slightly  to  increase  the  boiling-point 
of  the  liquid. 

In  the  folloAving  Table  we  have  noted  some  of  the  physical 
properties  of  terebenthene  and  of  the  terpene  from  sage-oil 
boiling  at  157°: — 

Sage-terpoue.     Teiebentliene. 

B.P 157°  15G°-25§ 

Specific  gravitv  at  15° 0-8G35  0-8(543  ^ 

Refractive  indices  at  24°  for  A  1-4()11  l-45!)6  || 

„                „                D  l-4(ir)7  1-4(;53|| 

„                H  1-4855  1-4845  11 

Refractive  en(>rgy 0-0534  0-0532  || 

Ecfraction-equivalent 72-G  72'5  || 

Specific  rotatory  power  (for  \  _  q-.o  _ o:).a  «r 

soda-flame)  '. j  '  '        ^^^^,  |,^,;;ition  tint). 

*  Sec  Tilden,  Chem.  Soc.  Journ.  [2]  xiii.  p.  514. 

■\-  Extract  from  letter  from  Dr.  Tilden. 

J   CoDipfcs  liciidus,  Ixxviii.  p.  288. 

§  lliljan,  Contptes  Hindus,  Ixxviii.  p.  288. 

II    Glad.stone,  PLil.  Traus.  18().'!. 

\\  Bertlielot,  Ann,  Chcm.  Pharm.  Ixxxviii.  S43, 
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8.  About  20  (vrnis.  of  tho  tcrponc  boiling  at  157°  was 
surrounded  by  a  fr(Kv.ing-mixture,  and  concentrated  sulphuric 
acid  was  added  drop  by  drop,  tho  li([uid  not  being  allowed  to 
bcconic  warm.  A  trace  of  suljdiur  dioxide  was  evolved,  and  a 
deep-rod  semisolid  mass  was  formed.  AHor  21  liours  this 
was  distilled  in  a  current  of  steam  ;  the  distillate  was  dried 
and  fractionated  ;  tlio  greater  portion  boiled  between  175° 
and  178°,  and  gave  the  reactions  of  cj-racno.  On  analysis, 
the  following  numbers  were  obtained  : — 

0-1885  grm.  gave  0-6125  grm.  COg,  and  0-181  grm.  ILO. 

Calculated  for  Cio  11,1.  Found. 

Carbon    89-55  88-01 

Plydrogen    10-45  10-72 

A  small  quantity  of  this  cymcne  was  oxidized  by  chromic 
liquor  ;  it  yielded  terophthalic  and  acetic  acids. 

About  7  per  cent  of  cymcno  was  obtained  from  the 
terpene. 

O.  Twelve  grms.  of  tho  terpone,  placed  in  a  flask  sur- 
rounded Avith  snow  and  salt,  was  subjected  to  the  action  of 
bromine,  added  drop  by  drop  through  a  narrow  tube.  Tho 
bromine  was  very  rapidly  absorbed,  a  hissing  noise  being 
produced  on  tho  addition  of  each  drop.  When  no  further 
absorption  appeared  to  take  place,  it  was  found  that  the  liquid- 
weighed  25  grms.  In  order  to  convert  12  grms.  of  Cio  Hje 
into  C'loHnjlirg,  14  grms.  of  bromine  (in  round  numbers)  are 
required;  13  grms.  were  used  in  the  foregoing  experiment. 
The  liquid  thus  obtained  was  a  heavy  colourless  oil.  On  sub- 
mitting it  to  distillation,  torrents  of  hydrobromic  acid  woro 
evolved,  and  a  nearly  colourless  liquid  came  over,  which, 
however,  quickly  darkened,  until  of  a  reddish-brown  colour. 
On  attempting  to  distil  this  liquid,  it  was  again  decomposed, 
yielding  hydrobromic  acid,  a  distillate  boiling  from  175°  to 
180°,  another  and  heavier  portion  boiling  from  220°  to  240°, 
and  a  considerable  quantity  of  black  resin.  This  process  was 
repeated  sevc^ral  times  with  the  same  result;  nevertheless 
the  greater  portion  of  the  liquid  eventually  distilled  between 
220°  and  240°.  That  fraction  which  boiled  between  1 75°  and 
180°  gave  all  tho  qualitative  reactions  for  cymcno  ;  on  oxi- 
dation, it  yielded  terophthalic  acid. 

Like  the  other  terpenes  of  the  formula  CioHi,;,  the  lower- 
boiling  terpone  from  sage-oil  appears  to  be  readily  converted 
into  a  dibromide,  Avhicli  is  decomposed  by  the  action  of  heat, 
with  the  formation  of  cymcne.     This  decomposition  does  not, 
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however,  take  place  with  so  great  facility  as  has  been  noticed 
in  the  case  of  other  terpenes  of  higher  boiling-points  *. 

10.  About  25  cubic  centims.  of  the  tei^pene  boiling  at 
157°  was  subjected  to  the  action  of  two  litres  of  boiling 
chromic  liquor,  containing  10  per  cent,  of  potassium  dichro- 
mate,  and  sulphuric  acid  sufficient  to  saturate  the  bases 
present.  After  37  hours  the  boiling  was  stopped,  and  the 
small  quantity  of  solid  matter  which  had  been  produced  was 
collected,  washed  with  hot  water,  dissolved  in  boiling  ammonia, 
and  reprecipitated  by  hydrochloric  acid.  It  gave  the  reactions 
of  terephthalic  acid.  The  liquid,  when  distilled,  showed  the 
reactions  for  acetic  acid. 

The  residue,  after  polymerizing  the  terpene  with  sulphuric 
acid  in  the  manner  described  in  paragraph  8,  and  distilling 
in  steam,  v/as  boiled  for  some  days  in  chromic  liquor.  No 
solid  oxidation-product  was  obtained. 

Wright  t  has  shown  that  the  terpene  from  orange-peel  oil, 
boiling  at  178°,  yields  no  cymenc  when  treated  with  strong 
sulphuric  acid  and  distilled  in  steam,  nor  does  it  yield  a  trace 
of  terephthalic  acid  on  oxidation.  The  same  chemist  J  has 
also  shown  that  oil  of  turpentine  yields  cymene  by  treat- 
ment with  sulphuric  acid  &c.  According  to  some  chemists 
terephthalic  acid  is  one  of  the  products  of  the  oxidation  of  oil 
of  turpentine;  according  to  others  this  acid  is  not  produced  on 
oxidizing  that  oil.  The  fact  that,  when  cymene  had  been 
removed  from  the  liquid  portion  of  sage-oil  boiling  at  157°, 
the  residue  yielded  no  terephthalic  acid  on  oxidation,  although 
the  original  liquid  (before  treatment  with  sulphuric  acid  &c.) 
did  yield  this  acid,  seems  to  point  to  the  cymene  which  was 
present  as  the  source  whence  the  terephthalic  acid  was 
derived. 

The  varying  results  obtained  in  the  oxidation  of  oil  of 
turpentine  were  probably  due  to  the  varying  composition  of 
the  specimens  employed;  when  free  from  cymene,  this  oil 
appears  to  yield  no  trace  of  terephthalic  acid  on  oxidation  § . 

11.  That  portion  of  the  oil  which,  after  treatment  with 
sodium  and  distillation,  boiled  from  lfiG°  to  168°,  was  frac- 
tionated until  the  greater  part  boiled  constantly  from  167°  to 
168°  (thermometer  surrounded  with  vapour;  barometer  760 
millims.).  The  liquid  so  obtained  had  a  somewhat  more  pro- 
nounced odour  of  sage  than  the  fraction  which  boiled  at  157°; 
it  was  perfectly  colourless. 

*  See  Wright,   ''  On  Isomeric  Terpenes,"  Chem.  Soc.  Journ.  [2]  xi. 
p.  694. 

t  Chem.  Soc.  Journ.  [2]  xi.  p.  5-')2.  J  Loc.  n't. 

§  See  W.  Oarletoii  Williams,  Ber.  (lent.  Chem.  Ges.  v,  1094. 
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Tho  Ibllowin^-  arcs  tlie  results  of  a  vapour-density  deter- 
mination of  tliis  liquid : — 

Ilciabt  of  barometer  =758  niillinis. 

Teniporaturc  of  air  =18  . 

Height  of  mercury  column  in  barometer-tube  =511  millims. 

Temperature  of  vapour  =185°. 

Tension  of  mercury  vapour  at  185°  =12  millims. 

Weight   of  mercury  required  to  occupy  space    formerly 

occupied  by  vapour  =874'7  grams. 
Temperature  of  mercury  =20°. 
Hence,  volume  of  vapour  =64*01  cubic  ccntims. 
Weight  of  liquid  =0-()804  gram. 
Weight  of  volume  of  hydrogen  equal  to  volume  of  vapour 

under  same  conditions  of  temperature  and  pressure  = 

0-001129  gram. 

Hence  ^  ~-()()n90  ='^1'^-     Calculated  =  68. 

Two  experiments^  in  addition  to  that  the  results  of  which 
are  detailed,  were  carried  out ;  but  in  each  a  small  quantity  of 
air  found  its  way  into  the  barometer-tubo  ;  the  results  were 
therefore  too  low.  In  every  case  a  small  quantity  of  brown 
resinous  matter  remained  in  the  small  bottle  unvolatilized;  hence 
it  appears  either  that  the  terpene  contained  a  small  quantity  of 
a  substance  boiling  very  considerably  above  185°,  or  that  the 
action  of  such  an  amount  of  heat  as  is  represented  by  this 
temperature  exerted  a  decomposing  (polymerizing?)  action 
upon  tho  terpene.  The  presence  of  4  per  cent,  of  a  terpene 
of  the  formula  C15  H21,  supposing  this  to  remain  completely 
unvolatilized,  would  bring  the  observed  vapour-density  to  ()8*3, 
which  is  almost  identical  with  the  calculated  number. 

12.  The  specific  gravity  of  the  terpene  boiling  at  167°  to  168*^ 
was  0-8866  at  15°. 

We  are  again  indebted  to  the  kindness  of  Dr.  Gladstone 
for  determinations  of  the  refractive  indices  of  this  terpene. 

M  =1-4588,  fiT>  =1-4646,  fiB.  =1-4830,  at  24°-5. 

Hence,  specific  refractive  energy  =0-0522,  and 

Refraction  equivalent  =71-0. 

13.  Dr.  Tilden  has  been  so  good  as  to  examine  the  action 
of  nitrosyl  chloride  upon  this  terpene.  He  says,  "  I  could 
get  no  so  id  products  from  this  liquid.  Tlie  action  of  the  gas 
caused  effervescence  immediately ;  and  this  is  always  a  bad 
sign.  I  suspect  this  to  be  a  mixture  containing  a  hydro- 
carbon of  the  Ci5  H24  type.     I  never  got  any  solid  compounds 
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from    these."     Tlie   specific   rotatory  po^yer  of  the  terpcno 
boiling  at  167°  to  168°  is  [«]d  =  -19-9. 

14.  The  results  of  the  vapour-density  determination  detailed 
in  paragraph  11  led  us  to  look  on  the  presence  of  a  small 
quantity  of  a  higher-boiling  liquid  in  this  terpeno  (C^.^  Hgi?) 
as  probable.  It  might  be  supposed  that  the  liquid  boiling  at 
167°  to  168°  is  really  a  mixture  of  the  terpene  of  lower 
boiling-point  with  about  4  per  cent,  of  a  terpene  of  the  type 
Ci5  H2.1  (paragraph  11).  Such  a  mixture — assuming  the 
Ci5  H24  terpene  to  have  a  specific  gravity  of  0"915,  which  is 
about  the  mean  of  the  densities  of  terpenes  of  this  formula 
as  determined  by  Gladstone,  and  assuming  that  no  condensa- 
tion of  volume  occurred  through  mixing  the  two  liquids — 
would  have  a  specific  gravity  of  about  0*865  at  15°  ;  but  the 
liquid  boiling  at  167°  to  168°  hos  a  specific  gravity  of 
0'8866  at  15°.  The  assumption  that  this  liquid  is  a  mixture 
of  the  157°  terpene  and  such  an  amount  of  a  C15  Ho.i  terpene 
as  would  be  in  keeping  with  the  result  of  the  vapour-density 
determination,  is  therefore  not  borne  out  by  the  actual  specific 
gravity  of  the  liquid.  We  are  rather  inclined  to  believe  that 
sage-oil  contains  two  terpenes  of  the  formula  Cjo  Hjg,  differing 
in  physical  properties,  and  perhaps  a  small  quantity  of  a  ter- 
pene of  higher  molecular  weight. 

The  physical  as  well  as  the  chemical  properties  of  the 
terpene  boiling  at  157°  leave  little  doubt  of  the  identity  of  this 
compound  Avith  terebenthene,  the  terpene  obtained  from 
French  oil  of  turpentine.  The  terpene  boiling  at  167°  to  168° 
we  cannot  regard  as  perfectly  pure.  In  a  letter  to  one  of  us, 
Dr.  Gladstone  says,  '^  The  lighter  terpene  is  practically  iden- 
tical with  that  from  turpentine  in  refraction  and  dispersion, 
as  well  as  in  boiling-point  and  specific  gravity.  The  heavier 
one,  with  the  higher  boiling-point,  has  a  lower  refractive 
energy  than  any  terpene  I  have  examined.     Is  it  pure?" 

Investigations  carried  out  on  larger  quantities  of  oil  can 
alone  enable  us  to  make  positive  statements  regarding  the 
composition  of  the  higher  terpene. 

15.  Treatment  of  the  terpene  boiling  at  167°  to  168°  with 
strong  sulphuric  acid,  and  distillation  of  the  product  in  steam, 
in  the  manner  described  in  paragraph  8,  resulted  in  the  pro- 
duction of  about  8  per  cent,  of  a  liquid  which  gave  the  reactions 
for  cymcne,  and  on  oxidation  with  chromic  liquor  yielded 
tere])hthalic  and  acetic  acids.  The  polymerized  residue  yielded 
no  solid  oxidation-product  on  treatment  with  chromic  h'quor. 

The  terpene  itself  when  oxidized,  yielded  a  considerably 
larger  fjuantity  of.  terephthalic  acid  than  was  obtained  from 
the  157°  terpene. 
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A  portion  of  this  tcrpcno,  wlien  treated  with  liroiiiiiic,  as 
described  in  paraorapli  [),  reacted  in  a  manner  very  similar 
to  that  nh-eady  detailed  in  the  case  of  iho  terpeno  of  lower 
hoilin^-point ;  only,  on  distillinn^  the  broininated  li({uid,  it  was 
very  n^adily  and  almost  entirely  split  up  into  liydrohromic 
acid  and  cyinene. 

16.  That  portion  of  the  original  oil  whichj  upon  fractiona- 
tion, boiled  between  198°  and  203°,  was  a  nearly  colourless 
heavy  liquid,  having  a  very  strong  odour  of  sage.  It  did  not 
become  sensibly  darker  on  exposure  to  the  air. 

For  this  liquid,  which  represents  the  oxidized  liquid  con- 
stituent of  sage-oil,  we  propose  the  name  of  salviol.  Wo 
liavc  analyzed  salviol,  and  have  also  made  a  determination  of 
its  vapour-density. 

I.  0-lGCA  grm.  gave  0-48  grin.  CO2  and  0-102  grm.  Hg  0. 
11.0-130  „  0-371  „     CO2    „    0-121  "      IToO. 

Oalculatcd  iMiund. 

for  Cjg  II^,,  ().  ^ — , 

I.  II.  Mean. 

Carbon 78-91:  78-69         78-46         78-57 

Hydrogen 10-53  10-81         10-59         10-70 

Oxygen 10-53  (by  ditf.)  10-50         10-95         10-73 

Vapo^ir-dcnsity  detcruunation. 
Height  of  barometer  =-75iJ  millims. 
Temperature  of  air  =17°. 

Heightof  mercury  column  in  barometer-tube  =:4I>2  millims. 
Temperature  of  vapour  =185°. 
Tension  of  mercury  vapour  at  185°  =12  millims. 
Weight    of  mercury    required  to  occupy    space  formerly 

occupied  by  vapour  =788-1  grams. 
Temperature  of  mercury  =17°. 
Hence,  volume  of  vapour  =58-16  cubic  centims. 
Weight  of  liquid  =()-0786  gram. 
Weight  of  volume  of  hydrogen  equal  to  volume  of  vapour 

under  same  conditions  of  temperature  and  pressure  = 

0-00107  gram. 

M      -0786 
Hence  -^  =,^,.^..~  =73-46.     Calculated  =76. 

A  small  quantity  of  resinous  matter  remained  in  the  little 
bottle  at  the  conclusion  of  the  experiment.  Th.e  Aveight  of 
this  non-volatile  residue  was  found  to  be  0-0014  gram. 
The  number  given  above  as  representing  the  weight  of  liquid 
taken  is  the  ditference  between  the  actual  amount  weighed 
out  and  the  \vei<ii;ht  of  the  nou-volatilc  residue. 
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It  would  appear  that  the  salviol  examined  was  not  perfectly 
pure,  or  that  this  substance  is  decomposed  in  some  way  at 
the  temperature  to  which  it  was  raised,  with  production  of 
resinous  matter.  There  can,  however,  be  little  doubt  that  the 
formula  Cio  Hig  0  really  represents  not  only  the  quantitative 
composition,  but  also  the  molecular  weight  of  salviol. 

From  the  smallnoss  of  the  quantity  of  salviol  at  our  dis- 
posal we  have  not  been  able  to  carry  out  further  experiments 
upon  this  substance. 

17.  The  solid  which  separated  from  the  higher-boiling 
portions,  chiefly  from  the  fractions  boiling  from  190°  to  220°, 
has  been  partially  examined  by  us. 

Analysis. 

I.  0-112  grm.  gave  0-324  grm.  CO2  and  0-104  grm.  H2O. 
II.  0-129        „  0-375',,     CO2   „    0-124',,     H2O. 

Calculated  Found, 

forCj^H^eO.  ,, , 

I.  II.  uieau. 

Carbon 78-94  78-83         78-86         78-84 

Hydrogen 10-53  10-31         10-67         10-49 

Oxygen 10-53  (by  difF.)  10-86         10-47         10-67 

We  have  not  made  a  vapour-density  determination,  inas- 
nuich  as  the  results  of  analysis  leave  little  doubt  as  to  the 
correctness  of  the  formula  Cjo  Hig  0,  and  the  boiling-point 
])revents  the  supposition  that  the  molecular  weight  is  repre- 
sented by  a  multiple  of  this  formula. 

The  specific  gravity  of  sage-camphor  is  greater  than  that 
of  common  camphor,  and  less  than  that  of  borneol.  We  do 
not  consider  the  actual  numbers  obtained  by  us  yet  suffi- 
ciently trustworthy  for  publication. 

After  several  sublimations  sage-camphor  melts  at  184°  to 
186°,  and  boils  at  210°. 

This  substance  crystallizes  in  monoclinic  prisms,  co  P,  —mV ; 
the  crystals  are  generally  rounded  off  on  the  prism-edges. 

An  alcoholic  solution  of  sage-camphor  is  without  action 
upon  the  polarized  ray. 

The  appearance,  smell,  and  taste  of  this  camphor  closely 
resemble  those  of  the  common  variety;  sage-camphor,  how- 
ever, has  a  peculiar  sage-like  odour,  which  ordinary  camphor 
has  not.  Sage-camphor  is  soluble  to  a  very  slight  extent  in 
water ;  it  swims  upon  the  surface  of  water,  and  exhibits  the 
peculiar  rotatory  movements  of  camphor.  It  is  soluble  in 
alcohol  (from  Avhich  solution  water  precipitates  it  in  the  form 
of  white  flakes),  in  chloroform,  and  in  ether.     Nitric  acid 
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dissolves  sago-camphor  with  the  evolution  of  small  quantities 
of  lower  oxides  of  nitrop;en  (see  paragraph  20).  Sulphuric 
acid  dissolves  it  with  ditKculty,  and  hydrochloric  acid  only 
after  continued  boilinfr. 

18.  A  quantity  of  sago-camphor  was  dissolved  in  chloro- 
form ;  an  equal  quantity  of  bromine  was  gradually  added,  the 
vessel  being  kept  well  cooled.  Ilcddish-colourod  crystals 
were  almost  immediately  deposited.  The  whole  was  allowed 
to  stand  over  sul})huric  acid  in  vacuo  for  12  hours  :  when  the 
vessel  was  brought  into  the  ordinary  atmosphere  the  crystals 
very  quickly  melted,  and  hydrobromic  acid  was  evolved  in 
considerable  quantity.  On  standing  for  several  da}s  over 
sulphuric  acid  in  vacuo,  crystals  were  again  formed.  On  dis- 
tilling the  red  liquid  very  large  quantities  of  hydrobromic  acid 
were  evolved,  a  camphor-like  solid  was  deposited,  and  a  con- 
siderable portion  of  the  liquid  was  resinized.  The  solid 
camphor-like  substance,  after  several  sublimations,  molted  at 
1G0°  to  103°.  A  similar  substance,  having  the  same  melting- 
point,  was  jirepared  by  treating  sage-camphor  directly  with 
bromine,  washing  with  caustic  soda,  and  subliming.  The 
melting-point  of  the  crystals  increased  after  each  sublimation, 
until  the  maximum,  1G0°  to  163°,  was  attained.  During  the 
earlier  sublimations  hydrobromic  acid  was  evolved. 

ID.  When  sago-cam[)hor  Avas  distilled  in  contact  with 
phosphorus  pontasulphidc,  the  greater  part  of  the  material 
underwent  resination,  but  a  small  quantity  of  liquid  was 
obtained,  which,  after  washing  with  soda,  drying,  and  frac- 
tionating, gave  the  reactions  of  cymene ;  on  oxidation  with 
chromic  liquor  terephthalic  acid  was  produced. 

20.  A  few  grams  of  sage-camphor  was  dissolved  in  about 
10  parts  of  concentrated  nitric  acid,  the  liquid  Avas  boiled  for 
30  hours  or  so,  the  acid  was  distilled  off;  the  residual  semi- 
resinous  matter  was  dissolved  in  hot  water  ;  the  solution  was 
boiled  down  and  sot  aside.  A  small  quantity  of  a  colourless, 
indistinctly  crystalline  body  was  obtained.  This  substance 
melted  at  172°  to  170°.  The  quantity  at  our  disposal  was  too 
small,  and  not  sufiiciently  pure,  to  allow  of  accurate  analyses 
being  made  ;  the  numbers  which  we  did  obtain  agreed  as 
closely  as  could  bo  expected  with  those  required  by  the  formula 
for  camphoric  acid  —  Cjo  Hu  0^. 

21.  Sage-camphor  is  almost  certainly  an  isomer  of  common 
camphor ;  its  melting-point,  boiling-point,  and  other  j)hysical 
properties,  however,  as  also  the  difference  of  its  behaviour 
towards  bromine,  prevent  us  from  believing  that  it  is  iden- 
tical with  common  camphor. 

22.  Our   investigations   are   not   sufficiently   complete   to 
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allow  us  to  enter  into  theoretical  discussions  concerning  the 
structural  formula  of  camphor  and  the  substances  related  to  it; 
nor  can  wo  venture  to  make  any  generalizations  concerning 
the  members  of  the  terpene  group.  Both  of  these  sul)jects 
are  of  much  interest.  We  purpose  to  prepare  much  larger 
quantities  of  the  terpenes,  salviol,  and  sage-camphor,  and  to 
determine  the  physical  and  chemical  properties  of  these  bodies, 
combinino:  this  investio'ation  with  a  research  into  the  consti- 
tution  of  the  camphors  in  general. 

We  take  this  opportunity  of  again  returning  our  best 
thanks  to  Drs.  Gladstone  and  Tilden  for  their  kindness  in 
oxaming  the  optical  and  other  properties  of  the  two  sage- 
terpenes. 

XLYIL  On  the  Loxoer  Limit  of  the  Prismatic  Spcctrmn,  iciih 
especial  reference  to  some  Observations  of  Sir  John  Herschel. 
B^y  Lord  Eayleigh,  F.E.S.* 

ALL  theoretical  investigations  into  the  laws  of  dispersion 
have  led  to  the  conclusion  that,  as  the  wave-length  of 
light  increases,  the  refractive  index  for  a  given  substance  ap- 
proaches a  finite  limit,  below  which  it  cannot  pass.  According 
to  Caucliy,  the  refractive  index  (//)  can  be  expressed  approxi- 
matel}'  as  the  sum  of  two  terms ;  of  which  the  first  is  constant 
and  coincident  with  the  limiting  value  just  spoken  of,  while' 
the  second  varies  inversely  as  the  square  of  the  wave-length 
(\).  This  law,  which  may  be  expressed  //=:A  +  BX~2,  agrees 
very  well  with  observation  over  the  less-refrangible  part  of  the 
spectrum,  and  may  fairly  bo  extended  to  the  ultra-red  rays  ; 
so  that,  apart  from  all  tlieory,  there  is  good  reason  for  thinking 
that  /x  cannot  fall  below  a  certain  value,  however  great  the 
wave-length  may  be. 

In  estimating  the  place  of  the  limit  on  any  particular  map 
of  the  spectrum,  we  must  bear  in  mind  that  in  ordinary  pris- 
matic spectra  equal  distances  do  not  correspond  to  equal  dif- 
ferences of  yti.  The  prismatic  spectrum  as  seen  at  one  view 
through  a  prism  of  considerable  angle  depends,  not  only  u})on 
the  material  and  angle  of  the  prism,  but  also  upon  the  actual 
position  in  which  the  prism  is  placed.  Thus  different  spectra 
are  obtained  according  to  the  ray  selected  for  minimum  devia- 
tion :  if  the  green  ray  pass  Avith  minimum  deviation,  the  de- 
viations of  the  extreme  rays  of  the  spectrum  are  greater  than 
if  the  prism  were  set  specially  for  them,  and  thus  the  red  end 
of  the  spectrum  is  unduly  compressed  and  the  blue  end  is  un- 

*  Communicated  15y  the  Author,  having  been  read  in  substance  before 
the  British  Association  at  Plvmouth,  August  1877. 
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duly  (liliitod.  In  order  to  obtiiin  a  map  independent  of  any 
])articular  setting  of  the  prism,  it  is  necessary  to  readjust 
to  minimum  deviation  for  each  ray  that  is  observed.  But 
even  tliis  map  depends  upon  the  refracting-angle. 

Tlio  best  representation  of  the  prismatic  spectrum  for  theo- 
retical purposes  is  one  in  wliicli  the  position  of  a  fixed  lino 
measures  its  refractive  index  (which  may  be  calcu]at(!d  in  the 
ordinary  way  from  the  observed  value  of  the  minimum  dcnia- 
tion).  If  we  then  erect  ordinates  inversely  proi)ortioiial  to  the 
squares  of  the  wave-lengths  of  the  ])rincipal  iixed  lines,  iha 
])oints  thus  determined  will  bo  found  to  lie  very  nearly  on  a 
straight  line,  whose  prolongation  cuts  the  spectrum  at  the 
limit  of  refraction.  In  the  case  of  an  ordinary  spectrum  the 
line  determined  in  this  way  is  curved,  and  its  prolongation 
cannot  be  made  with  the  same  confideneo  ;  nevertheless  there 
is  no  difhculty  in  marking  a})proxiinately  the  required  limit. 

In  the  '  Philosoi)hical  Transactions  '  for  1840  there  is  a  very 
interesting  memoir  by  Sir  John  Herschel,  in  which  he  de- 
scribed an  ingenious  method  of  obtaining  a  thermal  spectrum. 
The  solar  rays  were  received  directly  on  the  prisms  without  the 
intervention  of  a  mirror  or  slit,  and  after  refraction  were  col- 
lected to  a  focus  by  an  achromatic  lens  of  25  inches  focal  length. 
Two  flint-glass  prisms  of  45°  in  the  position  of  mininnun  de- 
viation were  cmj)loyed;  and  the  a}iparatus  was  driven  by  clock- 
woik  so  as  to  follow  the  a})parent  motion  of  the  sun.  In  the 
focus  of  tlie  lens  was  placed  a  strip  of  thin  paper,  of  which  the 
hinder  side  had  l)een  carefully  blackened  with  Indian  ink,  or 
(preferably)  with  the  smoke  of  oil  of  turpentine.  When  all 
was  ready  for  an  experiment,  the  clean  side  of  the  paper  was 
washed  over  rapidly  with  strong  s})irits  of  wine,  the  effect  of 
which  w^as  to  render  i\\Q  paper  transparent  so  as  to  allow  the 
smoke  to  show  through.  As  the  alcohol  evaporated  under  the 
influence  of  the  thermal  rays,  the  paper  gradually  recovered  its 
whiteness.  "After  a  few  minutes  a  whitish  spot  begins  to  ap- 
pear considerably  below  the  extreme  red  end  of  the  luminous 
spectrum,  which  rnpidly  increases  in  breadth  until  it  cfpials  the 
breadth  of  the  luminous  spectrum,  and  even  sometimes  sur- 
passes it — and  in  length  until  it  forms  a  long  appendage  ex- 
terior to  the  spectrum,  and  extends  moreover  within  it,  up  to 
and  beyond  the  fiducial  yellow.  In  this  state,  and  just  as  the 
general  drying  of  the  paper  begins  by  Avhitening  the  whole 
burface  to  confuse  the  appearances,  a  second,  sudden  and 
copious,  wash  of  alcohol  from  above  downwards  nuist  ha  ap- 
])lied,  without  disturbing  the  spectrum  or  in  any  way  shaking 
the  apparatus.  The  superfluous  alcohol  will  have  hardly  run 
off  when  the  phenomena  of  the  therniic  spectrum  v.ill  l)egin 
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to  appear  in  all  their  characters — at  first  faintly,  and,  as  it  were, 
sketched  in  b}-  a  dinniess  and  dulness  of  the  otherwise  shining 
and  reflective  surface  of  the  wetted  paper;  but  this  is  speedily 
exchanged  for  perfect  whiteness,  marking  by  a  clear  and 
sharp  outline  the  lateral  extent  of  the  calorific  rays,  and  by 
due  gradations  of  intensity  in  a  longitudinal  direction  their 
law  or  scale  of  distribution  both  within  and  without  the  lumi- 
nous spectrum." 


1 

€ 

<r 

/ 

fi 

(L 

■O 

o 

O 

o 



Ilerscliel's  Thermal  Spectrum. 

Sir  John  Herscliol  thus  describes  the  results  : — "  The  most 
singular  and  striking  phenomenon  exhibited  in  the  thermic 
S])ectrum  thus  visibly  impressed,  is  its  want  of  continuity.  It 
obviously  consists  of  several  distinct  patches,  of  which  a,  /3  are 
the  most  continuous  and  intense,  but  are  less  strongly  sepa- 
rated, and  of  which,  when  the  sun  is  very  strong  and  clear,  it 
is  even  difficult  to  trace  the  separation.  The  spot  y,  on  the 
other  hand,  is  round  and  well  insulated  ;  it  begins  to  appear 
on  the  paper  soon  after  the  ovals  «,  /3  are  fully  formed,  and 
Avhen  /3  has  assumed  a  sharply  rounded  outline.  The  first 
symptom  of  its  appearance  is  the  dulling  of  the  Avet  and  shi- 
ning surface  of  the  paper,  which  is  speedily  followed  by  the 
ap})earance  of  a  small  round  white  speck  ;  this  continues  to 
increase  rapidly  in  size  and  whiteness,  and  at  length  assumes 
a  definite  and  perfectly  circular  outline,  within  which  the 
paper  is  entirely  white.  By  degrees  the  oval  ^  and  this  S})ot 
join  and  run  together,  forming  a  white;  streak  deeply  indented 
at  the  point  of  junction.  It  is  not  till  this  happens  that  similar 
symptoms  begin  to  betray  the  existence  of  a  still  more  remote 
spot,  h.  Indeed  it  generally  requires  another  wash  of  alcohol 
before  this  can  be  fully  brought  into  evidence.  It  is,  how- 
ever, perfectly  unequivocal,  though  very  much  feebler  and 
rather  worse-defined  than  7,  with  which  also  it  is  somewhat 
better-connected  than  y  with  ^.     Of  the  existence  of  a  still 
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more  romote  spot  I  have  liardly  a  doubt ;  but  it  is  very  difficult 
to  obtain  a  si<i;ht  of  it." 

Anotlicir  inctbod,  also  discovered  by  Herschel,  depends  upon 
the  use  of  pa])ers  pro})ared  with  red  prus^iate  of  ])otash  and 
perchlorido  of  iron.  The  mixed  soUition  (which,  if  the  saUs 
are  pure,  is  at  first  free  from  green  or  bhie  precipitate)  is  washed 
over  paper  under  the  influence  of  the  spectrum.  The  thermal 
rays  manifest  themselves  by  a  brown  coloration,  which  after- 
wards changes  to  blue.  The  action  of  the  blue  and  violet  rays 
is  purely  photographic,  and  produces  at  once  the  deposit  of 
Prussian  blue ;  but  the  impression  of  the  ultra-rod  appears  to 
be  due  rather  to  thermomctric  heat.  In  this  way  Herschel 
obtained  a  representation  of  the  thermal  spectrum  "  as  far  as 
8,  with  even  some  trace  of  e"  *. 

Notwithstanding  this  concurrence  of  evidence,  there  is  great 
difficulty  in  acce})ting  Ilerschel's  result.  The  heat-spots  8  and 
e  are  decidedly  beyond  the  position  at  which  dis})ersion  should 
cease;  and  it  is  doubtful  whether  there  should  be  thermal  effect 
even  so  tar  down  as  y.  I  have  examined  one  of  Herschel's 
spectraf  in  which  the  positions  of  the  fixed  lines  are  indicated, 
and  find  for  the  limit  of  refrangibility  a  position  close  to  the 
s[)ot  7 ;  but  the  data  are  hardly  precise  enough  for  more  than 
a  rough  estimate. 

Wishing,  if  possible,  to  find  the  explanation  of  the  discre- 
pancy, I  have  made  many  attempts  to  repeat  Ilerschel's  expe- 
riments, but  without  obtaining  any  evidence  of  thermal  action 
nearly  so  low  down  in  the  spectrum  as  that  recorded  by  him. 
The  sun's  rays  were  reflected  horizontally  by  a  silver-ou-glass 
mirror,  orby  apiece  of  common  looking-glass,  into  a  darkened 
room,  where  they  fell  upon  the  prism.  In  order  to  obtain  a 
spectrum  of  about  the  same  purity  as  Herschel's,  I  generally 
employed  a  bisulphide-of-carbon  prism  of  G0°,  giving  a  beam 
containing  about  three  square  inches  of  light.  The  prism  was 
placed  in  such  a  position  as  to  give  minimum  deviation  for  the 
extreme  red.  To  collect  the  rays  various  lenses  were  tried,  in- 
cluding a  single  lens  of  24  inches  focus  and  a  j)hotographic  por- 
trait-lens of  about  8  inches  equivalent  focus,  the  latter  of  which 
gave  an  exceedingly  intense  spectrum.  In  some  experiments 
a  holiostat  was  employed ;  and  in  others  the  solar  image  was 
kept  nearly  in  one  place  by  hand.  In  order  to  guide  the  eye, 
the  waste  light  reflected  from  the  first  face  of  the  prism  may 
be  collected  to  a  focus  by  a  suitable  lens  and  thrown  upon  a 
small  hole  in  a  piece  of  card.  Even  a  small  apparent  motion 
of  the  sun  will  then  give  rise  to  a  reappearance  of  light  at  the 

•  Phil.  Majr.  vol.  xxii.  (1843). 

t  Photographic  News,  September  0,  1859. 
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edges  of  the  hole.  In  experiments  such  as  the  present,  m  hero 
intense  spectra  are  required,  it  is  often  better  to  dispense  with 
a  sht ;  but  it  then  becomes  more  important  than  ever  to  get 
rid  of  the  apparent  motion  of  the  sun. 

For  fixed  points  of  reference  I  followed  Herschel  in  using 
the  nearly  definite  rays  insulated  by  cobalt  glass,  of  which  the 
principal  are  the  extreme  red,  and  a  ray  in  the  yellow  nearly 
halfway  from  D  towards  E  *.  After  the  spectrum  had  im- 
pressed itself  the  glass  was  held  to  the  eye,  and  the  positions 
of  the  centres  of  the  red  and  yellow  images  of  the  sun 
marked  with  a  fine  pricker  or  pencil. 

AVhen  the  light  is  intense,  the  thermal  spectrum  begins  to 
show  itself  ons  moked  paper  in  ten  or  twenty  seconds ;  and  the 
experiment  is  one  of  great  beauty,  which  I  desire  to  recom- 
mend to  those  who  have  access  to  a  clear  sun  and  are  in  pos- 
session of  the  necessary  (very  simple)  apparatus.  The  second 
method,  with  the  iron  salts,  has  the  advantage  of  giving  per- 
manent results,  which  can  be  examined  at  leisure.  Both  me- 
thods agreed  in  giving  thermal  spectra  ending  on  the  less- 
refrangible  side  in  a  more  or  less  detached  spot,  whose  posi- 
tion, however,  does  not  coincide  with  any  of  Herschel's.  On 
the  contrary,  its  centre  falls  almost  exactly  in  the  gap  between 
Herschel's  j3  and  7.  The  gap  by  which  the  final  spot  in  my 
experiments  is  separated  from  the  remainder  of  the  spectrum 
is  almost  exactly  as  far  below  the  centre  of  the  red  cobalt 
imago  of  the  sun  as  that  is  below  the  centre  of  the  yellow 
image,  coinciding  therefore  with  the  centre  of  Herschel's  spot 
/3.  The  most  careful  attention,  in  combination  with  frequent 
repetition  of  the  experiment,  has  failed  to  give  me  any  indica- 
tion of  still  less-refrangible  rays.  In  order  to  vary  the  condi- 
tions I  have  used  a  glass  prism  of  60°,  a  rock-salt  prism  and 
lens  (in  conjunction  Avith  the  silver-on-glass  mirror),  and,  finally, 
a  large  bisulphide-of-carbon  prism  of  45°  (made  for  me  by 
Ladd)  which  gives  a  beam  nearly  16  square  inches  in  area, 
but  without  success. 

At  the  same  time  I  cannot  pretend  to  feel  entire  confidence 
in  these  results.  Herschel  was  an  experimenter  of  great  skill 
and  experience,  whoso  carefully  recorded  conclusions  cannot 
bo  put  aside  without  explanation.  It  has  occurred  to  me  as 
barely  possible  that  a  source  of  error  lay  in  light  reflected  in- 
tcrnall}^  at  the  base  of  Herschel's  prisms.  It  is  known  that 
the  regular  spectrum  of  an  isosceles  prism  with  a  polished 
base  is  accompanied  by  a  white  image,   due  to  light  three 

*  A  certain  thickness  of  the  absorhing  medium  is  necessary.  The  piece 
I  use  is  sufficiently  w'edge-shaped  to  allow  me  to  choose  the  most  suitable 
thickness,  which  varies  to  some  extent  witli  (he  light. 
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times  reflected,  whose  posituju  is  the  siiino  Jis  that  part  of  the 
spi!ctruin  which  passes  with  iniiiiiuuin  (hniation*.  I  am  in- 
formed bj  Ca[)tain  Abney  that  the  bases  of  Herschel's  prisms 
were  poHshed,  wliich  is  so  far  in  favour  of  this  vi(;w.  Never- 
theless I  feel  great  hesitation  in  suggesting  such  an  ex[)lana- 
tion,  and  only  do  so  in  default  of  any  other.  I  should  be  very 
glad  if  some  other  experimenter  could  be  induced  to  under- 
take an  exann'nation  of  the  subjcict,  and  would  willingly  fur- 
nish for  comparison  specimens  of  the  spectra  that  I  have  my- 
self obtaineil, 

Terling  Place,  Witham, 
September  1877. 

XL VI II.  Preliminary  Communication  on  Electric  Discharges 
through  Rarefied  Gases.     By  EuGEN  GoLDSTEINf. 

DURlNGr  an  investigation  on  luminous  discharges  through 
gases,  which  I  was  able  to  make  in  the  Laboratory  of 
the  Berlin  University,  I  have  arrived  at  the  following  results. 

1.  We  cannot  maintain  any  more  the  distinction  which  has 
been  drawn  Ixitween  the  ])Ositive  and  negative  lights ;  nor  is 
it  probable  that  the  positive  discharge  is  analogous  to  the 
metallic  or  electrolytic  conduction,  as  has  been  stated.  Posi- 
tive and  negative  light  are  of  the  same  kind ;  and  it  is  possible 
to  connect  them  by  a  continuous  series  of  intermediate  stages. 
I  retain,  however,  for  the  ])resent  the  name  negative  light 
for  the  phenomenon  in  which  the  jiroperties  Avhich  have  been 
hitherto  supposed  to  be  characteristic  of  the  light  at  the  nega- 
tive ])ole  are  [)rominently  brought  forward. 

I  have  been  able  to  give,  by  a  suitable  experimental  disposi- 
tion, all  properties  which  are  supposed  to  belong  to  the  nega- 
tive light  only,  to  the  positive  discliarge,  with  the  sole  excep- 
tion of  the  peculiar  stratification  of  the  negative  light. 

Such  properties  are,  for  example,  colour  and  spectrum  of 
the  negative  light,  its  behaviour  in  the  magnetic  field,  the 
power  to  produce  fiuorescencCj  the  formation  of  the  dark 
space,  &c. 

2.  I  call  the  space  in  a  vacuum-tube  which  is  situated 
towards  the  negative  pole  the  negative  space.  My  results  are, 
then,  as  follows: — 

The  properties  of  the  discharge  between  the  positive  ])oie 
and  the  dark  space  depend  on  the  alteration  in  the  cross 
section  of  the  conducting  gas.     If  the  cross  section  increases 

*  Ilelinholtz,  Physioloffische  Opfik,  p.  2G3. 

t  Translated  by  Ih-.  Arthur  Schuster  from  a  separate  copy  of  the  3Io- 
nat.sberic/ite  dcr  Akademie  der  Wisseiischaften  zu  Ih-rlin,  May  4,  1876. 
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from  the  positive  towards  the  negative  pole,  the  properties  are 
those  of  the  so-called  positive  light.  If,  on  the  other  hand, 
a  rapid  diminution  of  cross  section  takes  place  in  the  direction 
of  the  current,  the  discharge  at  that  point  will  have  all  the  pro- 
perties of  the  negative  light.  The  moi'e  rapid  this  diminution 
is,  the  more  like  a  negative  light  will  the  discharge  appear. 
By  varying  in  different  ways  the  cross  section,  we  can  form 
the  intermediate  stages  between  the  positive  and  negative  light. 

3.  Between  the  dark  space  and  the  negative  pole  we  always 
see  the  negative  light. 

In  a  series  of  experiiuents  it  appeared  as  if  the  passage  of 
electricity  from  the  electrode  to  the  gas  took  place  through  a 
series  of  tine  pores.  Without  putting  forward  any  hypothesis, 
I  merely  draw  attention  to  this  fact  in  order  to  show  that  my 
statement,  as  to  the  variation  in  cross  section  being  the  pri- 
mary cause  of  the  distinction  between  the  two  discharges,  is 
not  in  disagreement  with  the  appearance  of  the  negative  light 
at  the  negative  pole. 

The  distinction  which  has  been  drawn  between  the  two 
parts  of  the  discharge  which  lie  on  either  side  of  the  dark  space 
took  its  origin  in  the  difference  between  their  optical  and 
magnetic  properties. 

4.  A  large  number  of  observers  agree  in  the  statement  that 
the  spectrum  of  a  gas  at  the  negative  pole  is  different  from 
that  of  the  positive  discharge.  Such  differences  seem  to  have 
been  made  out  with  certainty  in  the  case  of  nitrogen  and  hy- 
drogen. 

Experimenting  with  these  gases,  I  succeeded  in  changing  the 
spectrum  of  the  positive  discharge  into  that  of  the  negative 
light,  either  by  great  exhaustion  or  by  an  increase  in  the  in- 
tensity of  discharge. 

5.  The  observations  of  Eeitlinger  and  Kuhn,  "  On  Spectra 
of  Negative  Electrodes  and  of  Geissler  Tubes  Avhich  have  been 
used  for  a  long  time"  (Fogg.  Ann.  vol.  cxli.)  ai-e  entirely  ex- 
plained by  the  fact  that  the  gas,  owing  to  the  long-continued 
discharge,  was  absorbed  by  the  electrodes.  Owing  to  the  great 
exhaustion  thus  obtained,  the  spectrum  of  the  negative  pole 
was  seen  throughout  the  tube. 

I  have  often  found  tubes  which  gradually  absorb  the  gas 
contained  in  them ;  and  I  have  now  some  in  my  possession,  in 
which  I  can  at  pleasure  produce  the  phenomena  either  of 
great  exhaustion  or  of  high  pressure.  By  heating  up  the  elec- 
trodes from  outside,  the  gas  is  driven  out  of  the  electrode  and 
the  pressure  increased.  The  passage  of  the  currents,  however, 
soon  causes  the  reabsorption  of  the  gas,  and  consequently  the 
phenomena  of  great  exhaustion  aj)pear  again. 
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0.  Since  Pliicker's  timo  it  was  })oHeved  that,  wliilo  the  ne- 
gative h'ijjht  sets  in  inn,o;netic  cni'vcs  in  the  magnetic  tield,  the 
stratified  positive  light  hchaves  like  a  solid  conductor  fixed  at 
])oth  ends,  and  is  accordingly  deflected  according  to  Ampere's 
hiw  (Hittorf).  I  have  foinid  that  the  positive  liglit  behaves 
in  the  magnetic  field  exactly  like  the  negative  light ;  a  smaller 
force  even  is  necessary  to  set  the  positive  light  into  the  curves 
than  that  required  to  do  the  same  for  the  negative  light. 

In  order  to  show  this  heliaviour  of  the  positive  light,  it  is 
only  necessary  that  the  vessel  containing  the  gas  should  have 
such  a  shape  and  position  that  its  curvature  at  the  points  of 
contact -with  the  lines  of  magnetic  force  would  be  greater  than 
the  curvature  of  the  line  of  magnetic  force  at  the  same  point. 
Only  wh(»n  this  condition  is  fulfilled  can  the  discharge  setinto 
the  magnetic  curve  without  touching  the  vessel. 

7.  Only  the  innnediat(»  neighbourhood  of  the  positive  pole 
seems  to  be  distinguished  by  a  j)eculiar  behaviour  in  the  mag- 
netic field.  At  the  negative  pole  the  magnetic  force,  as  shown 
by  Pliicker,  gives  rise  to  a  slieet  which  is  situated  axially. 
At  the  positive  pole,  under  great  exhaustion,  a  similar  sheet 
appears  surrounding  an  equatorial  electrode  ;  but  its  position 
is  equatorial.  If  the  electrode  has  the  usual  form,  the  sheet  is 
of  an  oval  form  and  consists  of  three  ])arts.  The  first  part, 
which  is  the  one  next  to  the  electrode,  is  nearly  elliptical,  and 
does  not  give  out  any  light ;  the  two  remaining  parts  surround 
the  first  one  in  two  spiral  curves.  If  the  position  of  the  posi- 
tive pole  is  axial,  a  cylinder  of  light  is  seen  which  is  also  sepa- 
rated from  the  metallic  surface  by  a  dark  space. 

8.  The  form  which  the  electric  light  assumes  in  the  mag- 
netic field  de])en(ls  on  the  (piantity  of  electricity  which  passes 
in  each  discharge.  Intense  discharges,  such  as  we  obtain  by 
introducing  air-spaces  in  the  outer  circuit  or  by  means  of 
condensers,  show  phenomena  which  have  not  hitherto  been 
ol)served.  Whatever  the  form  of  the  tube  is  in  which  these 
discharges  take  place,  the  phenomena  are  essentially  the  same 
as  in  simple  cylindrical  tubes  the  electrodes  of  which  coincide 
with  the  axis  of  the  cylinder. 

For  simplicity's  sake  I  refer,  therefore,  all  phenomena  to 
such  cylin(h'ical  tubes.  I  call  an  axial  position  any  position 
in  which  the  axis  of  the  cylindrical  tube  is  parallel  to  the  line 
joining  the  magnetic  poles.  The  tube  may  either  be  situated 
aljove  or  by  the  side  of  the  magnetic  poles.  The  tube  is  sup- 
])osed  to  ])e  longer  than  the  distance  separating  the  two  poles 
of  the  magnet. 

The  discharges,  under  these  circumstances,  always  take  the 
form  of  a  Z,  the  plane  of  which  is  equatorial  or  axial,  accord- 
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\ng  as  the  position  of  the  tnbe  is  equatorial  or  axial.  One  of 
the  two  arms  of  this  figure  is  always  nion^  or  less  narrow, 
and  pressed  against  the  wall  of  the  tube ;  the  other  arm  is 
wide,  and  in  the  equatorial  position  s{)read  out  like  a  sail.  This 
sheet  appears  continuous  if  the  discharges  are  not  very  strong; 
if  the  discharges  are  strong,  it  breaks  up  into  distinct  magnetic 
curves.  If  the  discharges  are  very  intense  the  two  arms  are 
separated,  and  we  have  the  appearance  which  I  have  described 
in  a  former  communication  as  the  magnetic  elfect  on  "thick 
sparks"*. 

The  inclined  bridge  between  both  arms  of  the  figure  appears 
also  in  the  form  of  a  wide  sheet  made  up  of  magnetic  curves. 
The  narrow  arm  joins  this  bridge  to  the  positive  pole,  the  wide 
arm  to  the  negative  pole.  If  the  tube  is  shifted  parallel  to 
itself,  the  position  of  the  bridge  shifts  towards  the  other  side. 

9.  The  phenomenon  just  described  allows  us  to  convince 
ourselves  that  the  magnet  can  set  parts  of  the  positive  light 
into  magnetic  curves.  If  the  positive  pole  lies  in  the  line 
joining  the  poles  of  the  magnets,  the  positive  light  close  to  the 
pole  sets  into  the  lines  of  magnetic  force.  I  have  also  inves- 
tigated the  green  light  which  aj^pears  on  the  glass  under  cer- 
tain circumstances,  chiefly  round  the  negative  electrode. 

10.  I  have  found  that  this  luminosity  of  the  glass  is  rather 
due  to  phosphorescence  than  to  fluorescence,  as  it  lasts  a  good 
deal  longer  than  the  discharge.  The  colour  of  this  light  may 
even  change  during  its  existence,  as  it  does  in  a  common 
glass,  from  green  towards  a  yedowish  red. 

11.  The  negative  light  v/hich  produces  this  phosphorescence 
is,  as  Ilittorf  has  already  assumed,  propagated  in  straight 
lines  which  emanate  from  the  electrode  into  the  surrounding- 
space.  I  have  been  able  to  confirm  this  by  many  ex})eriments. 
There  are,  however,  phenomena  Avhich  distinguish  this  propa- 
gation in  straight  lines  from  others  Avhich  also  take  ])lace  in 
straight  lines  like  that  of  light.  Hittorf  has  observed  that  a 
body  situated  between  an  electrode  which  has  been  reduced 
to  a  point,  and  the  walls  of  the  glass,  throws  a  shadow  on  the 
wall  in  the  phosphorescent  light.  But  even  if  the  electrode 
consists  of  a  sheet  of  some  extension,  we  can  obtain  well  de- 
fined, though  not  absolutely  sharp  shadows  of  bodies  Avhich 
are  not  too  far  away  from  the  electrode.  A  simple  sheet  of 
light  emanating  from  the  electrode  would  only  throw  a  hardly 
visible  penumbra  on  the  Avail. 

Every  surface-element  of  the  negative  pole,  instead  of  ra- 
diating equally  towards  all  sides,  only  sends  out  a  small  cone 
of  light,  the  axis  Qf  which  lies  in  a  direction  normal  to  the  sur- 
*  rhil.  Mag.  May  1875. 
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ftice,  iviul  tlio  a])erture  of  wliich  never  uinoauts  to  more  tluin  a 
few  degrees,  ii  the  electrode,  for  instunco,  is  formed  by  a 
tliiu  wiri',  the  ne^•ative  liiilit  surrounds  it  in  the  form  of  a 
sj)h(!roid;  through  the  spheroid  a  small  assemblage  ot  coneS 
may  be  seen  more  luminous  than  the  rest.  The  negative  ligiit 
extends  therefore  in  straight  lines  from  the  electrode,  and 
from  each  element  of  the  electrode,  chiefly  in  a  direction  near 
the  normal. 

12.  Let  us  now  assume  that  the  pressure  and  intensity  of 
discharge  are  such  that  the  wall  surrounding  the  negative  elec- 
trode shows  the  phosphorescent  light.  If  an  additional  wire, 
not  connected  with  any  source  of  electricity,  is  introduced 
parallel  to  the  electrode,  its  shadow  will  appear  on  the  sur- 
rounding wall.  The  shadow  will  consist  of  a  small  and  «harp 
dark  line  on  the  phosphorescent  glass.  As  soon,  however,  as 
we  connect  the  second  wire  with  the  electrode,  so  that  we  have 
a  double  negati^■e  pole,  two  dark  and  well-defined  fields  will  be 
seen  to  replace  the  linear  shadow.  These  fields  are  bisected 
by  a  plane  ])assing  through  the  electrodes.  The  form  of  these 
fields  is  that  of  a  rectangle  the  longer  sides  of  which  run  pa- 
rallel to  the  electrodes,  and  the  shorter  sides  of  which  are  re- 
placed by  a  curve  convex  towards  the  exterior.  These  and 
some  other  phenomena,  to  be  ilescribed  in  another  communica- 
tion, are  ex})lained  by  the  following  experimental  facts. 

The  negative  electrode  is  the  seat  of  a  repulsion,  which  de- 
fleets  e\ery  line  of  flow  passing  near  it  away  from  the  elec- 
trode. I  have  convinced  myself  by  special  experiments  that 
these  lines  of  flow  are  straight  lines  until  they  nearly  reach 
the  electrode  ;  they  are  then  almost  suddenly  deflected,  so  that 
they  assume  the  form  of  a  branch  of  a  hyperboki. 

13.  The  phosphorescent  light  of  the  glass  produced  by  the 
negative  discharge  is  but  seldom  of  uniform  intensity,  and 
sometimes  shows  very  strange  patterns.  One  can  always  show 
that  the  light  depends  on  the  form  of  the  surface  of  the  elec- 
trode. The  cause  of  this  effect  of  the  electrode  is  the  deflection 
of  lines  of  flow  which  I  have  just  mentioned.  Lines  of  flow 
coming  from  one  jjart  of  the  surface  and  passing  near  other 
elements  of  the  surface  are  deflected  by  it,  and  cause  the  ap- 
pearance of  a  jjattern  on  the  glass  tube.  This  explains  the  fact 
that  patterns  stamped  into  the  electrode  show  themselves  in 
the  phosphorescent  light  on  the  glass  wall.  I  mention,  for 
instance,  the  head  of  a  coin  which  was  used  as  a  negative  elec- 
trode, and  Wiiich  ap})eared  with  every  detail  on  the  glass  wall 
in  the  })hosj)horescent  light,  even  if  the  wall  was  at  a  distance 
of  several  centimetres. 

I  now  pass  to  a  few  observations  on  stratifications. 
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14.  The  stratification  of  the  positive  discharge  shows  a  con- 
tinuous variation  of  forms,  the  first  and  last  of  which  have 
little  resemblance  to  each  other.  One  extreme  form  repre- 
sents the  stratification  as  it  was  first  observed,  and  which  is 
generally  known:  it  consists  of  a  series  of  narrow  disks  of 
light  separated  by  small  and  dark  intervals.  The  other  ex- 
treme form  shows  long  columns  of  light,  the  lenoth  of  which 
is  sometimes  a  hundred  times  that  of  the  former  kind ;  these 
long  columns  follow  each  other  closely ;  the  beginning  of 
one  and  end  of  the  other  is  chiefly  marked  by  the  fact  that 
the  ditt'erent  poles  of  one  stratification  have  a  difi'erent  in- 
tensity. 

The  two  kinds  of  stratification  may  appear  in  the  same  tube. 
The  first  kind  corresponds  to  the  pressure  at  which  the  strati- 
fication first  appears  on  exhausting  the  tube ;  the  other  form 
corresponds  to  the  lowest  pressures  at  which  the  stratification 
is  still  visible.  Difi'erent  gases  show  also  variations  in  the  form 
of  the  stratification  which  first  appear  on  exhausting  the  tube. 

15.  The  brightness  of  each  stratification  is  not  uniform.  It 
has  a  maximum  at  its  negative  pole  and  decreases  towards 
the  positive  pole,  quickly  if  the  length  is  small,  more  slowly  if 
the  stratification  is  long. 

16.  Besides  the  unsymmetrical  distribution  of  brightness, 
one  and  the  same  stratification  shows  sometimes  difi'ercnces  in 
colour.  These  difierences  are  sometimes  not  only  difi'erences 
in  tint  merely,  but  two  colours  which  stand  in  strong  contrast 
to  each  other  may  succeed  each  other — for  instance,  red  and 
blue  or  yellow  and  blue.  One  stratification  may  even  show 
more  than  two  colours. 

A  variation  in  pressure  causes  a  variation  in  the  colour  of  the 
stratification.  The  changes  are  more  or  less  striking,  according 
to  the  nature  of  the  gas.  Hydrogen,  for  instance,  which  was  pre- 
pared by  means  of  zinc  and  sulphuric  acid  and  purified  in  the 
usual  way,  though  not  absolutely  without  odour,  showed  suc- 
cessively the  following  colours  in  one  stratification  as  the  tube 
was  exhausted  : — first,  half  blue  and  half  pink ;  then  entirely 
blue;  then  half  yellow  and  half  blue;  then  entirely  grey. 
The  length  of  the  stratification  was  about  1^  to  2^  centims. 
If  the  hydrogen  was  readmitted  and  then  exhausted  again, 
the  same  variations  reappeared  in  the  same  order. 

17.  A  closer  study  of  the  behaviour  of  stratification  leads 
to  the  conclusion,  that  the  various  positive  stratifications  which 
appear  simultaneously  in  a  tube  which  is  of  the  same  AA'idth 
throughout  are  not  equivalent.  They  differ  from  each  other 
in  the  same  way,,  though  not  to  the  same  degree,  as  so-called 
positive  light  from  the  negative  light. 
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lb.  Differences  in  thickness,  curvature,  mobility,  are  easily 
observed.  These  ditf'erences  are  strikingly  shown  by  the  colour 
of  the  different  stratifications.  Just  as  one  and  the  same 
stratification  may  have  different  colours  in  different  parts,  the 
different  stratifications  of  the  same  discharge  may  vary  in 
colour. 

In  a  tube  filled  with  hydrogen  I  saw,  for  instance,  the  first 
stratification  blue,  the  second  pink,  the  third  half  blue  and 
half  pink.  A  variation  in  the  pressure,  as  I  have  said,  varies 
the  colour  of  each  stratification ;  but  each  stratification  shows 
a  different  variation. 

11).  I  shall  not  here  enter  into  various  combinations  which 
may  thus  be  obtained  ;  but  it  is  clear  that  the  statement 
that  one  and  the  same  gas  shows  always  the  same  colour  if 
rendered  luminous  by  the  electric  discharge  is  wrong.  The 
discharge  may  show  a  great  variety  in  colour  for  the  same 
gas,  even  if  the  cross  section  of  the  tube  be  constant  through- 
out. 

Different  spectra  must  correspond  to  the  different  colours, 
though  in  some  cases  such  a  difference  may  only  be  due  to 
difference  in  the  relative  intensity  of  the  different  parts  of  the 
spectra. 

It  follows  that  for  the  same  gas,  the  same  pressure  and  cross 
section  of  the  tube,  and  intensity  of  discharge,  the  spectrum 
may  yet  be  different. 

20.  One  is  tempted,  of  course,  to  look  for  the  cause  of  these 
differences  in  the  irregularity  of  the  tube  or  the  impurities. 
I  shall  give,  further  on,  the  proof  that  the  real  cause  lies  deeper, 
and  that  there  is  a  law  regulating  these  differences. 

If  we  number  each  stratification,  calling  the  one  next  to  tlie 
negative  light  ''  1,"  we  can  say  that  the  character  of  each 
stratification  is  a  function  of  its  number. 

21.  The  stratification  of  the  positive  light  is,  in  all  cases 
which  I  have  examined,  the  better  defined  the  nearer  it  is  to 
the  negative  side  of  the  positive  light.  This  is  true  for  what- 
ever the  shape  of  the  tube  may  be.  The  gases  which  I  have 
examined  are  air,  hydrogen,  nitrogen,  carbonic  oxide,  carbonic 
acid,  acpieous  vapour,  alcohol,  ether,  and  metallic  vapours. 

22.  The  stratification  need  not  extend  along  the  whole  of 
the  positive  light;  in  the  same  gas  the  colunm  of  light  is 
stratified  to  the  greater  length  the  wider  the  tube  is. 

23.  If  a  tube  is  composed  of  various  parts,  each  part  behaves 
like  a  separate  tube  which  has  its  eh^ctrodes  at  the  two  points 
of  entrance  of  the  current.  I  shall  call  these  points  secondary 
poles.  Behind  each  secondary  negative  pole  the  stratifications 
begin  again  with  fresh  definition,  even  if  they  are  almost  uu- 
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distinguisliable  on  the  other  side  towards  tlie  metallic  negative 
electrode,  owing  to  the  great  length  of  the  column  of  light. 

24.  I  may  be  allowed  to  draw  attention  to  the  fact  that  the 
laws  which  regulate  the  character  of  discharge  through  each 
part  of  the  tube  (cf.  also  my  paper  already  referred  to)  enable  us 
to  predict  all  })henomena  which  tubes  of  any  complicated  shape 
and  form  may  present  under  any  pressure,  as  soon  as  the 
phenomena  are  known  which  are  presented  by  tubes  having 
the  form  of  the  parts  which  make  up  the  tube  under  con- 
sideration. 

The  knowledge  of  the  phenomena  seen  in  tubes  which  have 
the  form  of  cylinders,  spheres,  or  ellipsoids  is  sufficient  to  pre- 
dict everything  that  can  be  seen  in  all  tubes  which  have  hitherto 
been  made,  in  the  most  complicated  ornamental  tubes  as  well 
as  in  simple  spectral  tubes.  I  reserve  a  more  detailed  expla- 
nation and  application  of  the  facts. 

25.  If  a  cylinder  is  divided  into  one  part  containing  the  ne- 
gative pole  and  into  several  other  similar  parts  communicating 
with  each  other  by  small  holes,  each  part  will  behave  like  a 
separate  cylindrical  tube.  At  its  negative  pole  it  will  give  out 
light  which  has  all  the  properties  of  the  negative  light ;  and 
the  remainder  of  the  part  will  be  filled  Avith  positive  light  up 
to  the  secondary  positive  pole.  If  the  light  is  stratified,  we 
must  number  the  stratifications  in  each  part  separately. 

If  we  fill,  for  instance,  the  tube  with  a  gas  showing  strati- 
fications (say,  hydrogen),  we  obtain  effects  like  those  described 
above — stratifications  showing  different  columns,  and  columns 
of  stratification  made  up  of  parts  of  difterent  colours. 

The  colour  and  form  of  the  ditferent  stratifications,  how- 
ever, repeat  themselves  exactly  in  the  same  order  in  every 
part.  Each  stratification  in  each  part  corresponds  to  ano- 
ther stratification  in  every  other  part  which  has  the  same 
properties  as  regards  colour,  brightness,  size,  &c.  The  cor- 
responding stratifications  are  those  which  have  the  same 
number.  Stratifications  of  the  same  number,  and  only  those, 
are  entirely  alike. 

26.  It  also  follows  that  by  introducing  a  series  of  rapid 
changes  in  the  cross  section  the  dark  space  which  has  hitherto 
only  been  observed  near  the  Jiegative  electrode  can  be  obtained 
as  often  as  we  like*.  By  choosing  a  suitable  shape  of  tube, 
we  can  make  the  electric  discharge  pass  in  a  non-luminous 
path  through  almost  any  distance. 

In  a  tube  30  centims.  long,  25  centims.  maybe,  for  instance, 
entirely  non-luminous  if  the  tube  consists  of  a  short  part  con- 

*  In  a  so-called  fuimel-tube  Poggendorff  has  already  observed  a  series 
of  dark  spaces  (Pogg.  Ann.  toI.  cxxxiv.  p.  2). 
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taining  tho  metallic  electrode  and  two  cylinders  communica- 
ting with  each  other  by  narrow  channels  and  about  G  centims. 
wide. 

27.  I  have  already  mentioned  that  a  continuous  transition 
may  be  established  I'rom  [)ositive  to  negative  light.  This  can 
be  shown  in  the  following  way.  I  have  said  tiiat  a  rapid  di- 
minution in  the  cross  section  in  the  direction  of  the  positive 
current  produces  a  negative  glow  at  that  point.  If  in  a  tube 
presenting  such  rapid  changes,  the  variation  in  the  cross  sec- 
tion is  gradually  diminishetl,  so  that  the  tube  gradually  as- 
sumes the  sha[)e  of  a  tube  of  uniform  width,  the  negative 
glow  gradually  assumes  the  shape  of  a  [)Ositive  stratification, 
and  the  dark  spac(!  which  always  forms  the  boundary  to  the 
negative  glow  gradually  passes  into  the  dark  space  which 
se})arates  the  different  stratification. 

The  same  result  may  be  obtained  with  one  and  the  same 
tube  by  varying  the  pressure  of  the  gas.  If  the  variation  in 
cross  section  is  not  too  rapid,  the  negative  glow  extendino- 
from  the  narrow  into  the  wider  part  gradually  loses  the  cha- 
racteristic properties  of  the  negative  glow  on  exhausting  ;  and, 
finally  separating  entirely  from  the  narrow  part  and  passing 
into  the  wider  parts,  it  forms  the  first  positive  stratification. 

I  may  state  these  results  in  the  following  words  ;  but  as  a 
matter  of  pnH'aution,  I  limit  the  statement  to  the  longer  stra- 
tifications, excluding  the  short  and  oscillating  ones,  which  can- 
not easily  be  subjected  to  accurate  observation  : — 

Each  stratification  of  tlie  positive  glow  corresponds  to  the 
so-called  negative  glow  which  surrounds  the  negative  elec- 
trode ;  the  stratified  positive  discharge  is  therefore  only  a  suc- 
cession of  negative  glows. 

28.  We  may  also  look  at  the  negative  glow  as  a  simple 
stratification. 

This  new  way  of  looking  at  the  negative  light  allows  us  to 
draw  many  conclusions,  especially  if  we  combine  with  it  another 
law. 

29.  This  law  may  be  stated  in  the  following  words  : — The 
interval  between  the  ends  of  two  stratifications  for  a  given 
pressure  and  intensity  of  discharge  depends  entirely  on  the 
number  of  the  stratification  as  counted  either  from'  the  pri- 
mary or  secondary  negative  pole.  I  assume  here  that  the  tube 
is  of  the  same  width  throughout. 

Tho  intervals  between  the  different  stratifications  need  not 
be  the  same.  The  interval,  for  instance,  between  the  negative 
light  and  negative  end  of  the  first  positive  stratification  is 
always  larg.r  than  the  interval  between  two  positive  stratifica- 
tions, if  the  tube  is  of  the  same  width  throughout. 
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The  facts  described  in  the  three  following  paragraphs  follow 
from  this  statement.  I  always  mean  by  negative  or  positive 
pole  secondary  as  well  as  primary  poles. 

30.  The  limit  of  the  positive  light  is  independent  of  the  po- 
sition of  the  positive  pole^  and  therefore  also  of  the  distance 
between  the  two  poles. 

31.  Shifting  the  negative  pole  in  the  direction  of  the  dis- 
charge produces  a  shifting  of  all  stratifications  in  the  same 
direction ;  in  cylindrical  tubes  each  stratification  moves  through 
the  same  distance. 

If  the  negative  pole  is  moved  towards  the  positive  pole,  as 
many  stratifications  disappear  as  were  placed  in  the  length 
through  which  the  negative  pole  was  moved  ;  if  the  distance  be- 
tween the  positive  stratifications  is  constant,  which  is  generally 
approximately  the  case,  the  number  of  the  disappearing  strati- 
fications are  equal  to  the  number  obtained  by  dividing  the 
length  through  which  the  negative  pole  was  moved  by  the 
distance  between  the  stratifications.  On  moving  the  negative 
pole  away  from  the  positive  pole,  the  same  number  of  stratifi- 
cations reappear. 

32.  A  movement  of  the  positive  pole  produces  also  an  ap- 
pearance or  disappearance  of  stratifications  ;  but  in  this  case 
the  stratifications  themselves  remain  stationary. 

If  the  positive  pole  approaches  the  negative  pole  to  a  dis- 
tance smaller  than  tliat  between  the  negative  pole  and  the  first 
positive  stratification,  the  positive  glow  disa])pears  altogether. 

33.  It  follows  that  tubes  may  be  prepared  Avhich  tlo  not 
show  any  positive  light ;  the  negative  light  is  surrounded  by 
the  dark  space,  which  reaches  to  the  positive  electrode,  and 
which  often  takes  up  the  larger  portion  of  the  tube. 

We  may  have  either  tubes  which  show  this  phenomenon 
only  at  one  particular  pressure,  or  at  all  pressures,  according  as 
the  distance  between  the  electrodes  is  smaller  than  that  at 
wliich  a  stratification  may  appear  for  one  pressure  on\j  or  for 
all  pressures. 

34.  On  exhausting  a  tube,  the  stratifications  get  longer,  just 
as  the  negative  light  is  known  to  get  longer.  At  the  same  time 
the  distance  between  the  stratifications  is  increased.  Jooth 
changes  seem  to  go  on  Avithout  limit,  and  cause  the  appear- 
ances described  in  the  two  following  paragraphs. 

35.  With  decreasing  pressure  all  stratifications  move  towards 
the  positive  pole,  and  the  stratifications  decrease  in  number, 
disai)j)earing  one  by  one  at  the  positive  pole.  If  the  tube  is  not 
sufficiently  wide  to  show  stratifications  along  its  whole  length, 
the  unstratified  light  moves  bodily  towards  the  positive  pole, 
just  as  if  it  were  stratified. 
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36.  Finally,  tubes  may  be  prepared  in  which  not  only  the 
whole  positive  light  has  disappeared,  but  also  the  dark  s})ace, 
so  that  only  the  negative  glow  remains,  which  fills  the  whole 
tube.  This  cliect  is  produced  at  pressures  which  are  the  higher 
the  shorter  the  tube  is. 

The  distance  between  the  stratifications  is  therefore  the 
magnitude  which  chiefly  determines  the  appearance  of  the 
electric  discharge. 

37.  This  magnitude,  Avhich  was  shown  to  be  independent  of 
the  length  of  the  tube,  varies  not  only  with  the  [)ressure,  but 
also  very  much  with  the  dimensions  of  the  tube.  I  do  not 
give  here  a  very  general  law  which  regulates  all  these  pheno- 
mena, as  it  would  necessitate  a  long  discussion  of  experimental 
details ;  "the  facts  may  be  expressed  as  follows  : — 

If  all  the  cross  sections  of  a  tube  are  altered  so  that  the  surface 
of  the  tube  remains  similar  to  itself,  the  distance  between  the 
stratifications  increases.  The  tubes  niay  have  any  shape  what- 
ever, either  prismatic,  conic,  cylindric,  or  ellipsoidal.  For 
example  : — 

If  conical  tubes  are  cut  out  of  a  given  cone  at  difl^'erent 
distances  from  the  vertex,  the  distance  between  the  strati- 
fications is  the  greater  the  greater  the  distance  from  the  vertex. 

In  cylinders  of  different  widths,  the  wider  they  are  the 
greater  is  the  distance  between  the  stratifications. 

The  first  positive  stratification  is  therefore  the  more  distant 
from  the  negative  pole  the  wider  the  cylinder  is.  This  ex- 
plains an  observation  of  Wiillner*,  who,  in  his  "  Studies  on 
the  Discharge  of  Induction-Currents  in  Vacuum-Tubes,"  says, 
"  Increasing  the  width  of  a  tube  diminishes  the  positive  glow." 

38.  In  conclusion,  I  may  mention  the  remarkable  effect 
which  two  surface-elements  of  two  negative  poles  have  on 
each  other,  even  at  a  distance  of  several  centimetres.  If  two 
pieces  of  foil,  for  instance,  are  used  as  negative  electrodes,  the 
brightness  of  the  light  is  nmch  increased  on  the  sides  of  the 
foil  which  are  turned  towards  each  other;  it  is  decreased  on 
the  other  side. 

The  strong  diminution  in  size  which  the  second  stratification 
of  the  negative  glow  undergoes  at  the  sides  which  are  turned 
towards  each  other  is  also  very  striking.  This  fact  may  be 
useful  when  an  increase  in  the  brightness  of  the  negative  glow 
is  required,  as,  for  instance,  for  purposes  of  spectrum-analysis. 
A  short  brass  tube  |  centim.  wide  could  be  used  as  negative 
pole  for  that  purj^ose. 

*  PoK-":.  Ann.  Jubelband, 
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XLIX.    0)1  some  Dynamical  Conditions  applicable  to  Le  Sage's 
Theory  of  Gravitation.     By  S.  Tolver  Pkeston  *. 

No  Il.t 

1,  r  j^HE  explanation  of  gravitation  has  now  risen  to  the  rank 
JL  of  one  of  the  foremost  problems  of  modern  science  ; 
indeed  the  day  for  the  ascription  of  occult  qualities  to  matter 
is  now  gone,  and  phenomena,  demand  an  explanation  by  the 
reason.  The  ascription  of  an  occult  quality,  so  far  from  throw- 
ing light  upon  a  phenomenon,  only  serves  to  darken  it.  The 
effects  of  gravity  (like  all  other  physical  effects)  being  effects 
of  motion,  have,  like  other  physical  effects,  to  be  explained. 
A  rational  explanation  has  to  be  given  for  the  motion  of  ap- 
proach of  two  masses.  If  we  were  to  make  an  exception  of 
this  case,  it  might  be  argued  that  we  might  make  an  exception 
of  other  cases  ;  and  since  ad  physical  effects  are  effects  of  mo- 
tion, we  should  thus  in  principle  have  nothing  to  explain  at  all. 

2.  The  absolute  necessity  for  giving  an  explanation  of  gra- 
vity being  admitted,  we  may  inquire  what  has  hitherto  been 
done  in  this  respect.  The  only  theory  worthy  of  serious  con- 
sideration, or  which  has  stood  any  test  at  all,  is  the  theory  put 
forward  by  Le  Sage  of  Geneva.  An  immense  advance  in  dy- 
namics has  been  made  since  his  day.  It  therefore  behoves  any 
one  to  ask  how  far  the  principles  put  forward  by  hini  admit  of 
being  improved  and  modified  according  to  modern  advances 
in  dynamics. 

3.  To  any  one  who  has  carefully  read  Le  Sage's  theory  $,  it 
will  be  evident  that  the  theory  consists  mainly  in  a  series  of 
postulates  or  conditions  arbitrarily  assumed  so  as  to  be  adapted 
to  produce  the  results  required.  Le  Sage  assumed  (1)  the 
movement  of  streams  of  particles  coming  from  an  indefinite 
distance  in  space  and  converging  towards  the  visible  universe. 
He  even  calculates  (by  a  given  velocity  of  motion)  the  distance 
those  particles  would  require  to  have  come  which  produce  gravi- 
tation, at  a  remote  epoch  of  10,000  years  (page  22).  He  there- 
foi-e  calls  the  particles,  from  the  enormous  distance  he  supposes 
them  to  come,  ^^  ultraninndane  particles."  Next  he  assumes, 
quite  arbitrarily,  that  the  particles  move  imiformly  or  equally 
in  all  directions,  this  being  necessary  in  order  that  the  action 

*   Commuiiicaled  by  the  Author. 

t  The  other  part  may  be  Ibiiiul  in  the  '  Philosophical  ^lagazine '  for 
September  1877.  Certain  points  are  recapitulated  iu  the  present  paper  for 
completeness.  A  paper  "  On  the  Mode  of  the  Propagation  of  Sound  " 
(Phil.  Mag.  .June  1877)  also  bears  ou  the  subject. 

X  The  theory  is  given  in  a  work  entitled  IJcux  Traites  de  Physique  M4- 
canujtw,  by  Pierre  Prevost. 
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of  gravity  may  bo  equal  in  all  dinH'tions.  Ho  computes 
(rouolily  at  about  8,()00,(H)U)  the  number  of  diiforont  direc- 
tions in  wliiob  sofjarate  streams  of  particles  would  ro([uire  to 
be  moving  in  order  to  })roduce  everywbore  tbat  sensible  uni- 
formity of  pressure  which  is  the  characteristic  of  gravity 
(page  2')).  It  will  1)(^  noted  that  these  are  all  assumptions  in 
themselves  entirely  arbitrary.  He  next  assumes  that  the  mean 
velocitv  of  the  streams  of  particles  is  everywhere  tlie  same, 
and  the  density  everywhere!  the  same. 

4.  It  will  be  observed  that  this  tlieory  gives  no  possible 
idea  as  to  how  such  a  motion  of  streams  of  particles  among 
themselves  could  be  kept  up,  or  naturally  maintained.  Le 
Sage  attempts  to  evade  the  difficulty  of  the  particles  encoun- 
tering each  other  by  assuming  them  to  be  so  small  that  "  not 
more  than  one  out  of  every  hundred  of  the  particles  meets  an- 
other during  several  thousands  of  years."  This  only  removes 
the  difficulty  a  step  furtlusr  on,  Avithout  avoiding  it.  Indeed  it 
may  be  observed  that  the  theory,  in  the  state  in  which  Le  Sage 
left  it,  is  little  more  than  a  sei-ies  of  postulates,  some  of  them 
almost  as  unrealizable  as  gravity  itself.  This  does  not  detract 
from  a  distinct  merit  in  the  origination  of  the  tlieory  ;  for  it 
must  be  remembered  how  little  dynamical  princi})les  wore  ad- 
vanced at  Le  Sage's  time,  and  how  few  resources  he  had  to 
draw  upon. 

5.  I  have  pointed  out  (Phil.  Mag.  Sept.  1877)  what  (whether 
already  observed  by  others  or  not)  cannot  but  be  regarded  as  a 
somewhat  startling  fact,  viz.  that  no  postulates  whatever  are 
required  for  a  dynamical  theory  of  gravitation,  but  that  it  may 
be  shown  that  })articlos  of  matter  in  free  motion  in  S})ace  must 
inevitably  of  themselves  arrange  their  motions  so  as  ti^  produce 
the  effects  of  gravity — or  the  si)ecial  effects  of  gravity  (varia- 
tion as  the  square  of  the  distance  &c.)  must  be  produced  from 
pure  dynamics  in  the  case  of  a  system  of  particles  in  free  motion 
in  space,  without  any  necessity  for  postulates  as  to  the  character 
of  the  motion  at  all.  This  follows  from  the  principles  which 
have  been  investigated  in  connexion  with  the  modern  kinetic 
theory  of  gases,  oi'  which  Le  Sage  was  ignorant.  For  it  has 
been  demonstrated  by  Professor  Maxwell,  in  connexion  with 
the  kinetic  theory  of  gases,  that  particl^^s  of  matter  in  free 
collision  among  each  other  in  space  will  automatically  arrange 
their  motions  so  as  to  move  uniformly  in  all  directions,  i.  e. 
so  that  an  equal  number  of  })articles  are  moving  in  any  two 
oi)posite  directions  (this  bciing  the  necessary  condition  for 
equilibrium  of  pressure  in  a  gaseous  medium*).     This  cha- 

*  I  may  state  that  I  had  independently  amved  at  this  same  result  iu  a 
paper  "  On  the  Mode  of  the  Propagatiou  of  Soiuid  on  the  Basis  of  the 
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racter  of  motion,  it  may  bo  observed,  is  the  first  important 
condition  required  by  Le  Sage's  theory — which  condition 
therefore  follows  as  a  rigid  dynamical  fact,  not  as  an  arbitrary 
postulate,  as  he  made  it.  This  motion  of  the  particles  %mi- 
formly  or  egxialli/  towards  all  directions  is  not  a  mere  chance 
fact,  but  a  rigid  adjustment,  of  such  a  character  that  when 
by  any  artificial  means  this  mode  of  motion  of  the  particles  is 
disturbed  they  will  automatically,  of  themselves,  return  back 
to  this  regular  form  of  motion  (i.  e.  so  that  an  equal  number 
of  particles  are  moving  in  all  directions).  The  other  condi- 
tions put  forward  as  postulates  by  Le  Sage,  viz.  that  the  den- 
sity of  the  streams  of  particles  should  be  the  same  in  all  parts, 
and  the  mean  velocity  the  same  in  all  parts,  are  equally  neces- 
sary results  following  from  the  kinetic  theory  of  gases — not, 
therefore,  postulates  at  all. 

6.  The  only  further  condition  required  is  that  the  mean 
length  of  path  of  the  particles,  before  being  intercepted  by 
collision  with  each  other,  should  be  great  enough  to  produce 
the  effects  of  gravity — {.  e.  so  that  the  particles  of  the  medium 
may  act  as  streams  upon  masses  immersed  in  the  medium,  or 
may  stream  past  two  opposed  masses,  which  by  their  mutual 
screening  or  sheltering  action  produce  the  observed  effects  of 
gravity.  The  mean  length  of  path  of  a  particle  depends  (as 
is  known)  upon  its  size.  One  size  of  particle  is  not  a  jyriori 
more  likely  than  another.  By  simply,  therefore,  making  the 
particles  small  enough,  any  mean  path,  however  great,  may 
be  attained.  We  thus  obsei've  that  all  the  arbitrary  postulates 
of  Ijc  Sage's  theory,  together  with  all  the  effects  of  gravity, 
naturally  and  inevitably  follow  from  the  simple  admission  of 
the  existence  of  matter  in  space  whose  normal  state  is  a  state 
of  motion,  or  the  existence  of  a  medium  in  space  constituted 
according  to  the  kinetic  theory  of  gases.  In  this  way  the 
mode  in  which  the  motion  of  the  streams  of  particles  through 
each  other  is  naturally  kept  up  in  a  state  of  dynamical  equili- 
brium, is  quite  easily  explained. 

7.  Here  we  do  not  want  an  indefinite  waste  of  matter,  or 
an  indefinite  supply  of  mattc^r  froin  ulti'amundane  s})ace  (as 
Le  Sage  imagined)  to  produce  gravity,  but  gravity  is  produced 
l)y  matter  or  a  medium  which  as  a  ivhole  is  stationary,  and 
whose  internal  motion  is  kept  up  and  perfectly  naturall}^  main- 
tained by  the  rigid  laws  of  dynamics.  The  difficulty  of  the 
collisions  is  here  completely  got  over  ;  for  the  collisions  of  the 
particles  among  each  other,  so   far  (as  Le  Sage  supposed) 

Kinetic  Theory,"  piAlished  in  tlie   ' Philosopliical  Magazine'  for  .Tune 
1677,  without  being  awaro  at  that  time  of  Prufessor  Maxwell's  result. 
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from  interfering  witli  the  nnifonnity  of  their  motions,  is  the 
very  condition  wliich  corrects  and  maintains  the  uniformity  of 
motion  in  oj)[)osition  to  external  disturl)ing  causes.  This  is 
tlie  main  point  whicli  was  utterly  inexplicable  in  Le  Sage's 
theory  ;  for  it  was  impossible  to  see,  in  the  way  he  put  it,  how 
such  a  motion  of  streams  of  particles  should  be  kept  up  uni- 
formly in  all  directions,  under  continual  collisions  with  them- 
selves and  with  numdane  matter.  J3y  the  application  of  the 
princii)les  of  the  modern  kinetic  theory  of  gases  to  the  case, 
this  point  is  com])letely  solved.  As  before  remarked,  it  is 
almost  startling  that  the  particular  form  of  motion  which  the 
particles  themselves  automatically  keep  up  should  be  precisely 
that  one  which  is  required  to  produce  gravity  (or  an  effect 
varying  as  the  square  of  the  distance  &c.), — also  that  it  should 
make  the  densitij  and  mean  veloeity  equal  in  all  parts,  which 
is  necessary  for  the  effects  of  gravity  *. 

8.  It  is  an  interesting  fact  to  observe  that  the  distance 
through  wliich  gravity  will  act  will  depend  on  the  range 
through  which  the  streams  of  particles  are  comparatively  un- 
im])eded,  i.  e.  on  the  mean  length  of  path  of  the  particles.  By 
making,  therefore,  the  mean  length  of  path  of  the  particles 
less  than  the  average  distance  of  the  stars,  it  would  follow  that 
the  stars  do  not  gravitate  towards  each  other,  whicli  satisiies 
the  condition  for  the  stability  of  the  universe.  It  is  evident 
(as  has  been  already  pointed  out  by  others)  that  the  assump- 
tion of  all  the  bodies  of  the  universe  gravitating;  towards  each 
other  is  quite  inconsistent  with  stability ;  and  to  the  truly 
philosophical  mind  any  theory  which  rendered  such  an  assump- 
tion of  instability  necessary  would  be  in  itself  improbable.  It 
is  only  necessary  that  the  mean  length  of  })ath  of  the  par- 
ticles be  great  enough  to  produce  effects  of  gravity  through- 

*  I  have  been  informed  by  I'rofessor  Tait  that  a  book  publislied  in 
1818  by  Dr.  Blair  (Kegiiis  Professor  of  Practical  Astronomy  in  the  Uni- 
versity of  Edinburgh)  has  come  under  his  notice,  in  -which  is  sketched  i 
theory  of  gravitation  quite  siniihir  to  that  of  Le  Sage.  A  later  edition  of 
the  book,  under  the  title  '  Scientiiic  Aphorisms,'  was  published  in  1827. 
Dr.  Blair  attempts  to  account  for  the  motion  of  the  particles  being  kept 
up  nniforvdy  in  all  directions  by  assuming  them  to  rebound  from  tlie 
interior  of  a  hollow  spherical  surface,  which  is  supposed  to  bound  the 
visible  universe.  Of  course  lie,  like  Lo  Sage,  was  ignorant  of  the  remark- 
able fact  of  the  particles  themselves  automatically  arranging  their  motions 
80  as  to  move  uniformly  in  all  directions,  which  has  been  brought  to  light 
in  the  investigations  .connected  with  the  kinc^tic  theory  of  gases.  The 
spherical  siu-face  is  of  no  use  to  guide  the  motions  of  the  particles ;  for  thev 
do  this  themselves.  It  may  be  observed  that  Fatio  and  lledeker  deve- 
loped a  similar  theory  to  that  of  Le  Sage,  to  a  certain  extent.  When  we 
thus  find  several  minds  arriving  at  the  same  reoidt,  this  forms  au  addi- 
tional argument  for  its  truth. 
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out  the  greatest  range  in  wliicli  we  have  observed  them,  which 
is  but  an  infinitesimal  fraction  of  the  distance  of  the  stars  *. 

9.  It  ]nay  perhaps  be  well  just  to  sketch  here  the  mode  of 
action  of  the  medium  in  producing  gravity,  the  manner  in  which 
the  intensity  is  made  to  vary  as  the  square  of  the  distance,  itc. 
Let  A  (in  the  annexed  diagram)  represent  a  molecule  or  mass ; 
let  C  represent  the  bounding  sur- 
face of  an  imaginary  hollow  sphere 
described  about  A.  Tlien,  since  the 
particles  of  the  medium  are  moving 
uniformly  in  all  directions,  a  number 
of  them  will  be  passing  in  all  direc- 
tions through  the  imaginary  sphe- 
rical surface  C  Only  those  par- 
ticles which  are  passing  (sensibly) 

along  the  radii  of  the  spherical  surface  will  strike  A ;  and 
therefore  we  need  only  regard  those  special  particles  which 
radiate  towards  A.  The  molecule  A  being  therefore  struck 
equally  on  all  sides,  will  accordingly  remain  at  rest.  But  if  now 
we  suppose  a  second  molecule  to  be  placed  at  B,  then  out  of 
the  whole  number  of  particles  which  are  directed  towards  A, 
the  molecule  B  will  intercept  a  number  which  is  proportional 
to  the  area  which  B  cuts  oil'  from  the  whole  spherical  area  C. 
The  molecule  A  will  tlierefore  now,  owins:  to  the  sheltering 
power  of  B,  be  struck  with  a  fewer  number  of  particles  in  the 
direction  B  A.  The  balance  of  the  pressure  being  thus  upset, 
A  will  be  propelled  towards  B.  The  same  holds  true  of  B 
relatively  to  A  (on  drawing  the  imaginary  spherical  sur- 
face C')..  The  two  molecules  A  and  B  are  therefore  pro- 
pelled towards  each  other  mutually.  It  now  remains  to  illus- 
trate how  the  impulsive  action  varies  as  the  square  of  the  dis- 
tance. It  will  be  at  once  evident  that  since  the  area  of  a 
spherical  surface  is  as  the  square  of  the  radius,  therefore,  if  B 

*  It  may  just  he  noted  in  connexion  -with  tbis,  that  if  the  above  deduc- 
tion as  to  the  stars  not  gravilatinfj;-  towards  each  other  be  true,  those  stars 
wliich  have  a  proper  motion  must  be  moving  in  strai(/ht  lines. 

It  is  of  course  evident  that  iill  the  rehitions  (admiraUe  in  their  simpli- 
city) existing-  between  the  velocity  of  the  particles,  the  pressure,  and 
density  of  the  medium  (or  quantity  of  matter  in  unit  volume). the  dimen- 
sions, distance,  and  mean  path  of  the  particles,  which  apply  to  the  kinetic 
theorv  of  gases,  apply  equally  to  the  graviiic  medium, — as  also  the  physical 
relation  existing  between  the  velocity  of  the  particles  and  the  velocity  of 
a  v^'ave  in  a  gaseous  body,  pointed  out  by  me  (Phil.  ^lag.  June  1877),  the 
numerical  value  of  which  (as  determined  by  Professor  I^Iax^vell )  was  given 
in  the  above  paper.  The  assumption  is  peihaps  not  un^warranted  that  it 
may  eventually  be  possible,  by  determining  the  absolute  value  of  some  of 
the  above  relations,  tO  calculate  the  mean  path,  and  therefore  the  range  of 
gravity. 
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were  removed  to  a  double  distance,  the  imaginary  spherical 
surface  described  through  B  with  A  a«  a  centre,  would  have 
four  times  the  area  ;  but  the  area  of  the  molecule  B  remain- 
iiig  constant,  J3  would  thcrefon;  only  shelter  A  one  fourth  the 
amount  it  did  before  ;  and  accordingly  A  would  be  impelled 
towards  B  with  one  fourth  the  force, — the  same  being  true 
of  B  relatively  to  A. 

10.  It  is  found  that  gravity  is  proportional  to  mass.  It 
must  therefore  be  assumed  that,  owing  to  the  porosity  of 
bodies  or  open  structure  of  the  molecules,  the  <rravific  medium 
(whose  particles  are  extremely  nimute)  can  penetrate  freely 
into  the  interior  of  bodies,  and  thus  act  upon  the  internal 
molecules,  so  that  the  total  effect  is  proportional  (sensibly)  to 
the  number  of  molecules,  or  gravity  is  proportional  to  mass. 
Of  course  this  could  not  hold  true  with  an  infinite  mass;  but 
it  is  rigidly  demonstrable  (by  a  given  degree  of  porosity) 
that  it  could  hold  true  with  as  near  a  degree  of  approximation 
as  experience  has  shown,  and  even  nearer  if  necessary.  In- 
dependent physical  reasons  for  inferring  this  extreme  porosity 
or  permeability  of  matter  will  be  given  further  on. 

11.  My  main  object  in  this  paper  is  to  meet  all  possible  ob- 
jections which  have  been  or  might  be  urged  against  this  theory, 
as,  if  it  be  true,  it  ought  to  stand  against  all  criticism  ;  and  if, 
on  the  other  hand,  it  be  erroneous,  the  sooner  it  is  demon- 
strated so  the  better.  It  may  just  be  remarked,  in  the  first 
place,  that  in  principle  there  appears  to  be  no  other  theory 
conceivable  which  at  all  would  satisfy  the  conditions  of  gravity. 
Gravity  can  be  referred  to  two  conceivable  causes  : — (I)  to  a 
motion  ])ossessed  by  the  molecules  of  matter  themselves,  dis- 
turbing the  ecpiilibrium  of  pressure  of  the  surrounding  medium; 
(2)  to  an  independent  motion  of  the  medium  itself  acting  upon 
the  molecules.  The  first  of  these  two  conditions  appears  to  be 
inadmissible  ;  for  if  gravity  were  due  to  a  motion  of  the  mo- 
lecules of  matter,  then  since  we  can  readily  modify  or  interfere 
with  the  motion  of  the  molecules  of  matter  (as  by  heat),  wo 
could  thereby  interfere  witli  gravity.  The  fact,  therefore,  that 
it  has  been  found  impossible  to  interfere  with  gravity,  points  to 
a  motion  in  the  external  medium  (which  is  beyond  our  control) 
as  the  cause.  It  would  be  well  to  keep  this  fact  in  view  before 
lightly  regarding  Le  Sage's  theory  as  a  mere  hyptothesis.  To 
the  careful  observer  it  will  appear  to  contain  rather  the  essence 
of  a  necexsary  fact,  from  the  absence  of  (in  principle)  any 
other  conceivable  cause  ;  and  if  the  theory  can  be  shown  to 
be  a  practical  one,  consistent  with  admitted  mechanical  prin- 
cijiles,  it  will  have  every  condition  for  acceptance.  To  us  it 
seems  that  a  closer  study  of  the  theory  only  serves  to  show  its. 
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many  mechanical  beauties  and  extreme  simplicity  as  a  means 
to  an  end,  satisfactory,  not  only  in  the  absence  of  any  other 
conceivable  cause,  but  as  allbrJing  a  perfectly  rational  con- 
ception to  the  mind  of  the  processes  by  which  the  effects  are 
brought  about. 

12.  The  most  difficult  thing  perhaps  at  first  sight  is  to  con- 
ceive the  great  permeability  or  porosity  of  matter  necessary 
to  this  theory.  It  may  be  perhaps  just  noted  in  passing,  that 
most  truths  are  strange  at  first  sight,  or  else  it  v/ould  be  com- 
petent for  any  one  to  arrive  at  them.  I  think  it  maybe  shown 
that  this  open  structure  of  matter  is  a  thing  in  itself  probable, 
and  also  distinctly  warranted  on  independent  grounds.  In 
architectui-al  and  engineering  structure  generally  we  do  not  ob- 
serve a  solid  block  formation,  if  I  may  so  express  it,  but  that 
open  structure  which  is  essential  to  elasticity  and  strength. 
So  in  molecular  architecture,  we  may  not  expect  to  find  a 
mass  a  solid  block,  but  of  open  structure,  though  we  naturally 
cannot  see  the  interstices.  Again,  the  perfectly  free  passage 
of  light  or  the  waves  of  aether  through  a  piece  of  glass,  or  a 
wave  of  obscure  heat  through  a  block  of  rock-salt,  also  of  the 
magnetic  disturbance  through  all  matter,  would  by  itself  prove 
the  extremely  open  structure  of  matter.  There  is  therefore 
no  difficulty  in  admitting  the  openness  of  structure  of  matter 
essential  to  the  dynamical  theory  of  gravitation,  as  this  is  in 
itself  a  natural  thing,  pointed  to  by  other  facts*. 

13.  The  next  difficulty  is  one  pointed  out  by  Professor 
Maxwell  in  a  notice  of  Le  Sage's  theory  {Encycl.  Brit.  1875, 
page  46,  under  the  word  ''Atom").  The  argument  there  is 
that,  in  view  of  the  demonstrated  fact  that  })articles  of  matter 
in  collision  with  each  other  tend  to  acquire  the  same  kinetic 
energy,  therefore  the  kinetic  energy  of  a  molecule  of  ordi- 
nary matter  would  ultimately  tend  to  become  equal  to  that 
of  a  gravific  particle,  and  that  therefore  it  Avould  appear  that 
the  continual  impacts  of  the  particles  of  the  gravific  medium 
would  necessarily  raise  matter  to  an  enormous  temperature, 
as  the  velocity  of  the  gravific  particles  must  of  necessity  be 
assumed  extremely  high.  This  objection  would  seem  to  have 
considerable  weight  :  but  I  think  it  admits  of  being  sur- 
mounted on  taking  certain  facts  into  consideration.  It  will 
be  admitted  that,  in  order  to  produce  gravity,  it  is  only  neces- 

*  It  may  be  oljseived  that  since,  by  the  rejection  of  the  theory  of 
"action  at  a  distance,'' a// motions  developed  in  matter  must  iueAitably 
be  referred  to  external  media,  so  therefore,  in  order  that  matter  may  be 
worked  (so  to  express  it)  by  external  media,  it  must  have  an  open  struc- 
ture— as,  in  analogy?  ^  steam-engine  must  have  an  internal  open  structuie 
in  order  that  the  steam  may  get  at  the  working  parts. 
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sary  that  not  less  than  a  certain  total  of  energy  should  be  con- 
tained in  a  given  volume  of  the  gravific  medium,  not  that 
tlicrt'hy  the  encM-gy  of  eacli  particle  should  necessarily  be  great. 
The  energy  of  each  particle  (whose  sum  produces  a  given  total 
of  energy)  would  evidently  depend  on  the  number  of  particles 
in  unit  volume.  Professor  Maxwell  assumes  that  it  is  "  tole- 
rably certain  that  N,  the  number  of  (gravific)  corpuscles  which 
are  at  any  one  time  within  unit  of  volume,  is  small  compared 
with  the  value  of  N  for  the  molecules  of  ordinary  bodies." 
Now  we  may  ask,  Is  this  certain  or  necessary  ?  for  the  whole 
hinges  upon  this.  If,  on  the  contrary,  the  number  of  gravific 
particles  in  unit  volume  were  not  restricted,  then  by  adding 
to  the  number  cff  particles,  and  thus  subdividing  the  total 
energy  among  them,  the  energy  of  each  particle  might  be 
made  indefinitely  small.  It  might  possibly  be  thought  that 
such  a  number  of  particles  would  be  inconsistent  with  a  long 
free  ])ath.  But  if  the  subject  be  considered,  it  will  be  observed 
that  a  free  path  of  given  adequate  length  may  be  obtained 
with  an  indefinite  nnmber  of  particles,  provided  the  particles 
be  minute — or  that,  no  consequence  how  numerous  the  par- 
ticles (and  therefore  how  small  the  energy  of  each),  an  ad- 
equate mean  path  can  be  got  by  reducing  their  size,  their 
velocity  being  augmented  so  as  to  keep  the  energy  in  unit  of 
volume  constant.  This  high  velocity  of  the  particles  may  be 
shown  on  other  grounds  to  be  a  likely  condition  ;  for  by  this 
means  the  whole  medium  is  rendered  completely  impalpable, 
or  its  presence  vanishes  from  the  senses — the  medium  opposing 
no  measurable  resistance  to  the  passage  of  bodies  through  it. 
Accordingly,  as  by  a  given  amount  of  energy  in  unit  volume 
the  energy  of  each  particle  is  inversely  as  their  number,  so  by 
multiplying  the  particles  the  energy  of  each  may  be  made 
indefinitely  small ;  and  therefore  the  energy  transferred  to 
the  molecules  of  matter  would  be  made  indefinitely  small,  or 
there  would  be  no  measurable  rise  of  temperature  at  all.  This, 
I  submit,  removes  the  difficulty  in  question. 

14.  It  was  pointed  out  by  Le  Sage  that,  in  order  to  explain 
gravity,  it  is  necessary  to  assume  that  the  gravific  particles 
rebound  from  the  molecules  of  matter  at  a  less  velocity  than 
they  strike.  Since,  after  the  average  kinetic  energy  of  a  mo- 
lecule of  matter  has  become  at  least  equal  to  that  of  a  gravific 
particle,  no  further  transference  of  energy  can  take  place  from 
the  gravific  medium  to  matter  (i.  e.  of  course  in  the  case  of 
matter  at  rest),  it  is  necessary  therefore  to  eypiain  the  di- 
minished velocity  of  rebound  of  the  gravific  particles.  Sir 
AVilliam  Tliomson  (Phil.  Mag.  May  1873)  has  pointed  out  that 
this  may  be  a  natural  consequence  of  a  difference  of  elastic  rigi- 
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dity  between  the  gravific  particles  and  the  molecnles  of  matter. 
There  may  possibly  be  some  who  may  be  inclined  to  think  that 
this  explanation  was  somewhat  forced,  or  was  warranted  only  as 
explaining  that  special  case,  without  being  independently  likely. 
1  think  that,  on  considering  the  sul)ject,  it  will  be  found  that  the 
explanation  is  in  itself  highly  probable  on  independent  grounds. 
Where  do  we  tind  substances  in  nature  whose  elastic  rigidity 
is  the  same.  It  would  be  in  the  highest  degree  unlikely  that 
portions  of  matter  differing  so  vastly  from  each  other  in  d:- 
mensions  as  a  molecule  and  a  gravitic  particle  should  have  the 
same  elastic  rioiditv.  If  the  elastic  rimditv  be  not  the  same, 
it  is  a  strict  dynamical  fact,  not  a  supposition,  that  the  energy 
of  the  particle  after  its  rebound  from  a  molecule,  though  the 
same  in  amount,  will  not  be  the  same  in  kind  as  before  ;  but 
if  the  elastic  rigidity  of  the  large  molecule  be  greater  than  that 
of  the  minute  particle,  a  part  of  the  translatory  motion  of  the 
particle  will  be  shivered  into  vibratory  motion  at  the  encounter  ; 
and  therefore  the  particle  will  rebound  with  a  less  translatory 
motion,  the  deficiency  of  translatory  motion  representing  the 
amount  converted  into  vibratory  miotion  at  the  encounter.  It  is 
just  as  if  a  tuning-fork,  a  flexible  ring,  or  any  pliable  elastic 
object  whatever,  were  thrown  against  a  hard  body  (say  the 
hard  surface  of  an  anvil),  when  the  body  will  rebound  at  a 
less  translatory  motion  than  it  struck,  the  deficiency  of  trans- 
latory motion  being  compensated  for  by  an  accession  of  vibra- 
tory motion.  So  with  a  gravific  particle  striking  a  molecule 
of  matter ;  for  mere  size  makes  no  difference  in  the  principle. 
It  is  therefore  not  an  unnatural  thing  (but  highly  probable  on 
independent  grounds)  that  the  gravific  particles  should  have 
their  velocities  changed  at  impact  against  the  molecules  of 
matter.  The  energy  of  the  particle  rrmjiins  unaltered  by  the 
impact  ;  only  the  distribution  o^  the  energy  in  the  particle  is 
changed. 

15.  The  next  question  is,  Do  the  particles  which  have  thus 
lost  translatory  motion  find  acquired  an  accession  of  vibratory 
motion,  recover  their  normal  proportion  of  translatory  motion 
to  vibratory  motion  again  ?  It  has  been  pointed  out  by  Sir 
AVilliam  Thomson  that  this  must  be  the  case.  For  it  has  been 
demonstrated  by  Professor  Clausius,  in  connexion  with  the 
kinetic  theory  of  gases,  that,  in  the  case  of  a  system  of  particles 
in  free  collision  among  themselves,  the  relation  of  the  transla- 
tory motion  to  the  vibratory  motion  tends  to  assume  a  constant 
value,  so  that  when  this  relation  is  disturbed  in  any  way  it  is 
again  restored.  So,  therefore,  when  the  relation  of  the  trans- 
Intory  motion  to  t-he  vibratory  motion  of  the  gravific  particles 
is  disturbed  by  coUison  with  the  molecules  of  matter,  this  re- 
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lation  is  again  restored  to  its  normal  value  by  the  collisions  of" 
tlie  particles  among  themselves.  This,  it  may  be  observed, 
is  therefore  a  rigid  dynamical  tact,  not  an  hypothesis. 

IG.  There  is  therefore  no  expenditure  of  energy  or  work 
whatever  in  the  maintenance  of  gravity,  since  the  totid  amount 
of  energy  in  the  particle  is  unaltered  by  collision.  Also  no 
supply  of  energy  to  the  gravific  particles  is  required,  since  a 
state  of  motion  is  as  natural  as  a  state  of  rest.  Further,  no 
supply  or  waste  of  mattt^r  is  required  for  the  maintenance  of 
gravity.  Le  Sage  imagined  that  a  continual  supi)ly  of  matter 
from  ultramundane  space  was  necessary.  He  endeavours  to 
gi^t  over  this  incongruous  idea  by  making  the  excuse  "  that 
nature  makes  frequently  such  waste  "  (page  108).  This  is 
evidently  no  satisfactory  excuse  at  all ;  in  fact  Le  Sage,  with 
the  limited  knowledge  of  his  day,  naturally  could  not  get  over 
the  ditiiculty  of  the  collisions,  or  could  not  form  an  idea  of 
the  conditions  of  equilibrium  of  streams  of  particles  of  matter 
moving  in  the  way  he  assigned.  With  our  modern  knowledge 
we  may  deduce  that  the  conditions  of  equilibrium  of  such 
streams  of  particles  are  of  a  perfectly  definite  character,  so  as 
to  produce  gravity  as  an  inevitable  fact.  The  gravitic  medium, 
therefore,  witliin  the  bounds  of  the  visible  universe  isr/.s  a  ichole 
at  rest ;  and  no  supply  of  matter  whatever  is  required.  The 
medium  producing  gravity  is  simply  a  medium  constituted  as 
a  gas  according  to  the  kinetic  theory — but  quite  exceptional  in 
character  as  regards  the  extreme  minuteness  of  its  particles,  their 
extremely  high  velocity,  and  long  mean  path,  the  high  velocity 
rendering  the  medium  completely  inq)ali)able,  or  its  presence 
imperceptible  to  the  senses.  It  is  evident  that  the  presence 
of  such  a  medium  could  be  only  rendered  directly  pal[)able  to 
the  senses  by  the  redstance  attendant  on  the  motion  of  bodies 
in  it.  Now  it  is  a  known  dynamical  fact  that  this  resistance 
diminishes  as  the  velocity  of  the  particles  of  the  medium  in- 
creases ;  hence  with  a  given  Aelocity  no  resistance  whatever 
will  be  felt,  and  therefore  the  presence  of  the  medium  must 
elude  detection.  These  deductions  are  therefore  in  j^erfect 
harmony  with  the  tacts.  The  mean  length  of  path  of  the  par- 
ticles of  the  medium,  though  great  compared  with  that  in  the 
case  of  ordinary  gases,  may  be  considered  small  in  proportion 
for  a  gaseous  medium  that  pervades  the  area  of  the  visible 
universe. 

17.  It  would  be  a  wrong  idea  to  imagine  that,  because  the 
particles  of  the  gravitic  medium  are  relatively  very  close 
compared  with  the  molecules  of  ordinary  substances,  there- 
fore the  quantity  of  matter  forming  the  gravitic  medium 
must  be  relativelv  great.     It  is  a  mathematical  fact  that  the 
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total  quantity  of  matter  contained  in  (say  a  cubic  mile)  of  the 
medium  might  be  indefinitely  small,  and  yet  the  particles  in- 
definitely close  togethei-,  provided  the  particles  are  very 
minute.  By  a  given  velocity  of  the  particles  of  a  medium, 
the  uniformity  or  steadiness  of  the  pressure  exerted  against 
matter  evidently  does  not  de})end  on  the  size  of  the  particles, 
but  on  their  closeness  (which  determines  the  rapidity  of  suc- 
cession of  the  collisions  against  matter).  By  a  given  proximity 
of  particles,  therefore,  no  consequejice  how  minute  they  may  be 
(and  therefore  how  small  the  quantity  of  matter  composing  the 
medium),  the  pressure  will  remain  equally  steady.  It  follows, 
therefore,  that  a  medium  may  produce  all  the  uniformity  of 
pressure  due  to  the  flow  of  a  continuous  fluid,  and  yet  the 
quantity  of  matter  composing  the  medium  may  be  indefinitely 
small.  Owing  to  the  frequency  of  the  collisions  against  matter, 
due  to  the  close  proximity  of  the  particles  of  the  gravific 
medium  and  their  high  velocity,  the  pressure  exerted  by  the 
medium  is  so  even  and  regular  as  to  be  imperceptible  to  the 
senses,  excepting  in  the  effect ''  gravity."  The  pressure  termed 
"gravity  "  due  to  the  motion  of  the  particles  of  the  gravific 
medium  is  no  more  difficult  of  realization  than  the  pressure  of 
the  air  due  to  the  motion  of  its  molecules.  To  get  a  true  idea 
of  the  nature  of  the  gravific  medium,  the  conception  of  ex- 
treme closeness  of  arrangement  of  the  particles,  combined  with 
extreme  rarity  of  the  medium,  must  be  kept  in  view.  It  is 
easily  conceivable,  for  example,  that  the  particles  of  a  cubic 
foot  of  the  medium  may  be  in  very  much  closer  proximity 
than  the  molecules  of  a  cubic  foot  of  lead  (from  centre  to 
centre),  and  yet  the  total  quantity  of  matter  contained  in  a 
cubic  foot  of  the  medium  may  be  less  than  that  contained  in 
a  single  molecule  of  lead. 

18.  The  agent  producing  gravity  must  therefore  not  in  any 
vs^ay  be  looked  at  (as  one  might  possibly  be  liable  to  do  at  first 
sight)  as  representing  a  prodigious  quantity  of  streams  of  gross 
matter  fiying  about,  but  sinqdy  as  the  quiet  imperceptible 
motion  of  a  relatively  very  small  quantity  of  excessively  finely 
subdivided  matter  which  produces  a  perfectly  uniform  pressure, 
the  energy  of  each  particle  by  itself  being  totally  imper- 
ceptible ;  or  only  the  resultant  effect  or  pressure  is  noticed,  the 
inexorable  motion  of  the  particles  (and  the  resultant  effect 
"  gravity  ")  being  as  incapable  of  being  interfered  with  as 
the  conservation  of  energy  itself.  Surely  no  more  rigid,  con- 
stant and  unalterable  cause  could  be  conceived  of  than  that  of 
the  normal  motion  of  the  particles  of  a  medium  among  them- 
selves, which,  by  an  inevitable  automatic  adjustment  arrange 
their  motions  so  as  to  produce  the  effects  of  gravity.     "  Gra- 
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vity  "  is  distinguished  by  its  unaltorability  under  tlie  influence 
of  heat,  and  general  constancy  under  all  conditions.  Could  a 
more  constant  cause  bo  imagined  than  the  above  ?  and  could  a 
more  sim[)le  one  be  desired  ?  or  could  any  other  means  of  satis- 
fying all  the  conditions  of  the  problem  be  conceived  of?  If 
sim{)licity  be  a  mc^chanical  reconunendatiou,  the  simplicity  of 
the  above  conditions  will  reconunend  themselves.  We  say 
simplicity;  for  surely  we  have  the  ne  plus  ultra  of  simplicity, 
when  no  postulates  at  all  are  required,  but  the  total  sum  of 
effects  may  be  said  simply  to  evolve  themselves  out  of  pure 
dynamics. 

London,  October  1877. 


L.  On  Unltation. — VII.  Practical  Remarks  thereon,  togetlier 
ivith  Examples.  Bij  W.  H.  Walenn,  Mem.  Plujs.  Soc* 
[Contiuued  from  vol.  i.  p.  549.] 
24.  XN  considering  the  nature  of  a  unitate  and  of  the  ope- 
-JL  ration  of  unitation,  the  method  of  thought  is  new  to 
mathematical  minds,  and  does  not  readily  fall  in  with  the 
routine  of  ordinary  mathematical  work  ;  for  this  reason  it  is 
necessaiy  to  treat  the  matter  somewhat  in  detail.  The  whole 
subject  is  fundamental,  and  is  characterized  by  constant  refer- 
ence to  first  principles  of  the  simplest  kind.  It  is  its  very 
simplicity  that  creates  a  difficulty  in  the  facile  apprehension 
of  a  unitate  as  a  function,  and  of  unitation  as  an  operation. 
From  what  has  been  written  it  will  be  perceived,  upon  exami- 
nation, that  it  must  by  no  means  be  confounded  with  the 
remainder  to  a  division*.  The  denomination  of  the  remainder 
to  a  division  is  determined  by  the  denomination  of  the  last 
figure  of  the  ([uotient ;  but  a  unitate,  in  its  strictest  sense,  is 
an  integer  ;  for  it  is  one  of  a  series  of  integral  values  (each 
member  of  which  is  made  up  of  nnits),  the  series  being 
determined  by  the  base  of  the  system  of  unitates,  and  extend- 
ing from  1  or  unity  to  the  numerical  value  of  the  base  itself. 

Thus,  in  dividing  a  given  number  by  20,  to  find  the  remainder 
to  that  division,  if  the  number  has  a  decimal  portion,  tlie  re- 
mainder will  be  less  than  unityf.     For  instance,  the  division 

— ^ —  gives  for  remainder  "003  ;  but  the  unitate  of  the  num- 

ber  40-123  to  the  base  20  is  3,  since  it  must  be  one  of  the 
numbers  1,  2,  3,  4,  5,  (5,  7,  ,S,  i),  10,  11,  12,  13,  14, 15,  IG,  17, 
18,  1!),  20.  The  name  unitation  is  given  to  the  o})eration  to 
note  this  distinction  in  the  most  marked  manner  possible. 
This  peculiarity  is  pointed  out  in  the  Philosophical  Magazine 

*  Phil.  Mag.  [V.]  vol.  ii.  p.  348.  t  Ibid.  p.  345. 
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for  November  1868,  p.  346,  for  December  (Supplement)  1875, 
pp.  522,  523,  524,  and  for  November  1876,  pp.  345-350  inclu- 
sive. In  other  words,  the  remainder  to  a  division  is  dependent 
for  its  value  upon  the  quotient,  and  is  a  function  of  an  expres- 
sion containing  the  quotient ;  whereas  a  unitate  is  quite  inde- 
pendent of  the  quotient,  and  is  a  function  of  an  expression  that 
does  not  contain  the,  quotient.  The  expression  of  which  it  is 
the  function  contains  only  the  number  to  be  unitated  and  the 
base  of  the  unitation ;  the  way  in  which  the  base  atfects  the 
unitate  is  as  the  determinator  of  the  extent  of  a  series  of  in- 
tegral values,  commencing  with  unity  and  finishing  with  the 
base  itself.  The  unitate  may  therefore  be  said  to  express  the 
place  of  its  corresponding  number  in  a  recurring  series  whose 
period  is  the  base  of  the  system  of  unitation. 

25.  The  numeration  of  unitation  is  therefore  limited  by  the 
base,  and,  with  certain  exceptions,  always  consists  of  integer 
numbers  ranging  between  unity  and  the  base.  The  exceptions 
arise  from  an  extension  of  the  meaning  of  the  word  unitate,  or 
rather  from  includino-  in  the  list  of  unitates  numbers  not  orio-i- 
nally  comprehended  in  the  definition,  but  which,  for  certain  pur- 
poses, fulfil  their  conditions, — just  as,  by  analogy,  the  decimal 
1*414213 ....  is  properly  made  to  do  duty  for  >/2  :  whereas 
by  the  construction  of  numbers,  which  makes  all  numbers 
functions  of  unity,  v/2  is  not  a  function  of  unity,  but  is  in- 
commensurable therewith.  The  exceptions  occur  in  the  case 
of  fractional  unitates,  as  shown  in  the  Philosophical  Magazine 
for  July  1873,  p.  38  et  seq.,  and  in  other  cases.    For  instance, 

strictly  speaking,  there   is   no   unitate  (to  the  base  9)  of  h, 

nor  any  number  whose  unitate  is  :-.     Taking  the  unitate  of  o 

o  o 

and  of  U^'fo  )  ^s  equal  to  .5  has,  however,  an  advantage  over 

the  decimal  equivalent  of  a  surd  (piantity,  inasmuch  as  it  com- 
pletely fulfils  the  conditions  of  the  principles  of  unitation  (see 
PhiL   Mag.    July  1873,   p.  40) ;    whereas   the    interminable 

decimal   1 '414213 cjui  only  approximate  to  the  result, 

although  the  degree  of  approximation  is  practically  unlimited, 
or  limited  only  by  the  labour  of  calculation. 

26.  ]f  the  iip[)lication  of  the  t]i(>ory  of  functions  to  unitation 
had  not  yielded  such  definite  and  such  original  results,  and  if 
the  interpretation  of  symbols  had  not  been  brought  to  bear 
upon  the  whole  subject  with  especial  rigidity  and  care,  unita- 
tion would  have  been  merely  a  name  for  something  that  existed 
already,  namely  the  obtaining  remainders  to  divisors  ;  but  the 
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application  of  the  theory  of  functions  shows  that  each  umtate 
onh(.  nor.nul  kh.,!,  must  of  necessity  bo  an  "^t(  ger     the  in 
terpretation  of  symbols  points  out  thut  the  'y'''^f}^f'\^^ 
perfect  represenUition  of  "  the  unitate  ot  the  number  x  to  th. 
base  S,"  and  that  therefore  ^];\c  is  the  representation  of  the 
phrase,  "any  one  of  the  series  of  numbers  whose  unitate,  to 

'^"  y'llanv  ^vantages  are  gained  by  the  fixedness  of  whole 
numbe  s,as  in  anitatron,os-erthe  variability  o    the  denonuna- 
Son  and  meaning  of  remainders  to  division.    The  first  ins  anee 
is   treated  of  in  the    Philosophical  Magazine  for  July  187o, 
p.  40.     By  no  kind  of  division  could  \,  or  •  142857,  have  been 
divided  by  9  so  as  to  give  4  as  a  remainder  ;  yet,  regarded  as 
a  number  which  has  the  same  unitate  to  the  base  9  as  ;^  =  j^, 
the  result  is  easily  arrived  at.     Other  instances  of  this  occur 
especially  when  S,  the  base  of  the  system  of  umtation,  is  a 
p^ne  number  ;  fbr  in  U..-",  when  8  is  a  prime  ""f -^  ^^ 
only  fractional  unitate  is  when  x  is  some  muUiple  of  6.     Con- 
sequently the  intractable  recurring  decimals  3  (  =  -3),  ^(  =  '1^) 

and  ^(  =  -1),  in  the  series  of  unitates  represented  by  Uiv^'"S 
are  respectively  symbolized  and  finited  as  follows  :— 
Uu|=Un4  =  Un(-04)  =  4, 

Uui=u4=U.C02)  =  2, 

Uni=Uni=Un(-05)  =  5. 

Another  instance  of  simple  results  being  'ff^!''^^^^ 
niinable  or  incommensurable  ones  is  alluded  to  m  the  1  h do- 
so  1  cal  Magazine  for  August  1875,  pp.,  119,  120,  in  which 
U  v/  =5,  an<l  U^^/5  =  4.  The  above  instances  all  refer  to 
the  simplification  which  occurs  in  the  numeration  of  unitates 
by  adopting  the  definition  for  them  in  its  rigid  integrity  and 
fearlessly  working  out  the  results. 

28.  The  ordinary  formula  under  which  numbers  are  placed 
when  their  properties   are  to  be   investigated  by  algebraical 
means,  may  be  stated  as 
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In  tliis  formula  r  is  the  radix  of  notation  in  which  the  number 
is  expressed,  a^,  a^,  a^,  a^,  &c,  are  the  digits  that  compose  the 
number,  each  being  less  than  r ;  and  there  are  n  digits. 
When  the  radix  is  10,  this  formula  becomes 

a^  +  lOuy  + 10^02  + 10^«3  +  .  . .  +  10»-2a„_2  +  10"-'a„_i. 

The  mathematical  mind  has  been  so  much  imbued  with  this 
formula,  or  with  formulge  that  are  exactly  its  counterparts, 
that  any  deviation  from  the  recognized  method  of  working 
demands  the  giving  of  such  substantial  reasons  as  shall  assure 
the  reader  of  the  advisability  of  the  alteration. 

It  is  conceded  by  all,  that  the  form  or  method  of  arrange- 
ment of  a  formula  must  be  that  which  is  best  suited  to  the 
object  in  view  ;  for  instance,  in  the  theory  of  equations  the 
general  formula  is  always  arranged  in  descending  powers  of 
A',  the  highest  power  being  towards  the  left  hand.  The  very 
life  of  unitation  depends  upon  the  treatment  of  it  in  a  perfectly 
appropriate  and  orderly  manner,  taking  into  account  analogy 
and  exactness  of  form  to  express  the  general  idea  that  is  in- 
tended. Every  number,  regarded  as  a  function  of  its  radix, 
must  have  its  highest  power  to  the  left  hand. 

Again,  in  the  ordinary  formula,  nothing  is  gained  by  having 
the  series  of  digits  marked  by  Oq  at  the  beginning  ;  on  the 
contrary,  by  this  arrangement  the  general  term  does  not  ex- 
press the  number  of  digits  readily.  On  these  grounds  the 
formula  is  taken  here  as 

«»'•""'  +  «7i- 1  r''-^  +  • . .  +  «3''"  +  (h''  +  "i  I 

or  if  r  =  10, 

10«-^a«+10"-^a„_i+  ...  +102a3  +  10fl2  +  «i. 

Thus  arranged,  the  f  jrnnila  is  a  picture  of  the  number  in  alge- 
braical language  ;  this  will  be  seen  to  be  an  important  point 
in  the  method  of  working  with  the  formula  for  the  purposes 
of  research  and  investigation. 

74  Breclvuock  Road,  N., 
October  5,  1877. 

Addendum. — Since  writing  the  above,  the  Rejiort  of  the 
British  Association  for  1876  has  come  into  the  hands  of  the 
author.  The  statement  in  the  Transactions  of  the  Sections  is 
as  follows: — "The  author  referred  to  a  series  of  papers  of  his 
on  unitation  recently  published  in  the  '  rhiloso})hical  Maga- 
zine,' and  to  some  remarks  published  in  the  British- Association 
volume  for  1870.  \^ x  divided  by  8  leave  remainder y,  then  the 
author  calls  y  the  unitate  of  .i'  to  the  base  S,  and  writes  Ui.i'=y. 


On  the  Chemical  Constituents  of  the  Solar  System.        379 

The  results  of  '  unitation  '  may  be  conveniently  applied  to  the 
verification  of  many  numerical  operations.  The  method  of 
unitation  is  practically  equivalent  to  the  theory  of  congruen- 
cies;  viz.  the  etfuation  \]s.c  =  ij  would  be  written  x^y  (mod  8); 
and  many  ofthe  results  arc  identical  with  those  given  by  Gauss." 
This  statement  is  different  from  that  contained  in  the  paper  (see 
Phil.  Mag.  November  187(5,  p.  345  et  serj.),  and  it  has  no 
warranty  from  the  author.  The  original  title  of  the  paper  was 
"  On  a  new  Mathematical  Function  ;"  in  compliance  with  a 
simple  request,  and  considering  that  the  starting-point  of  the 
paper  was  division-remainders,  the  author  permitted  the  title 
to  be  altered  to  "•  On  Division-remainders  in  Arithmetic." 
The  statement  in  the  'Uej)ort'  misinterprets  the  meaning  of 
the  author — inasnuich  as  the  paper  Avas  not  intended  to  iden- 
tify the  function  U«a;=?/  with  the  statement  "  x  divided  by  8 
leaves  remainder  y,"  but  to  point  out  the  great  distinction  be- 
tween the  remainders  in  aritlunetic  and  the  periodic  and  dis- 
continuous function  Uj^'.  The  symbol  xz^ay  (mod  8)  do>,^s 
not  presuppose  any  function,  but  simply  expresses  a  statement 
which  has  for  its  basis  the  division-remainders  as  obtained  by 
actual  division,  and  therefore  has  no  part  with  unitation. 

October  8,  1877. 


LI.  On  some  Points  connected  icith  the  Chemical  Constituents 
of  the  Solar  System.  By  J.  H.  Gladstone,  Ph.D.,  P.R.S., 
Pres.  C.S.* 

IN  a  recent  course  of  lectures  on  the  Chemistry  of  the 
Heavenly  Bodies,  various  considerations  occurred  to  me, 
which  an^  not  to  be  found  in  the  ordinary  treatises  on  the  sub- 
ject. I  have  since  found  that  Mr.  Norman  Lockyer's  recent 
lecture  at  Manchester  deals  with  some  of  these  ;  but  the  fol- 
lowing are,  as  far  as  I  am  aware,  novel,  and  may  be  worthy 
of  record  as  a  contribution  to  a  line  of  thought  which  is  beinor 
atj)resent  considerably  developed. 

I.  The  discoveries  by  means  of  the  spectroscope,  and  the 
general  advance  of  knowledge  of  the  heavenly  bodies,  have 
tended  greatly  to  confirm  the  nebular  theory  of  the  creation 
of  worlds.  Assuming  a  hot  nebulous  mass  made  up  of  many 
different  chemical  elements  gradually  condensing  towards  a 
centre,  the  question  arises.  How  will  these  elements  be  distri- 
buted?    This  would  depend  upon  two  different  circumstances 

*  Communicated  by  the  Autlior,  liaviug  been  read  at  the  British  Asso- 
ciation, August  1877. 
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of  a  physical  nature.  (1)  Of  course  the  cooling  of  such  a 
nebulous  mass  must  take  place  from  its  outer  portion,  giving 
rise  to  a  distribution  of  temperature  greatest  at  the  centre  and 
gradually  decreasing  towards  the  circumference.  One  of  the 
results  of  this  would  be  that  the  least  volatile  constituents  near 
the  circumference  ^\'ould  condense  and  sink  towards  the  centre 
of  gravity,  forming  eventually  the  liquid  or  solid  nucleus, 
while  the  most  volatile  would  still  extend  to  the  outermost 
portions  of  the  nebula  ;  and  the  rest  would  arrange  themselves 
in  the  order  of  their  volatility,  condensing  into  cloud  at  various 
distances  from  the  intensely  heated  centre.  (2)  But  there  is 
another  law  regulatincr  the  arrangement  of  the  gases,  which  has 
been  pointed  out  and  mathematically  proved  in  a  paper  com- 
municated to  the  Royal  Society  by  Mr.  G.  Johnstone  Stoney 
as  far  back  as  May  18(37*.  He  concludes  it  "  to  be  a  neces- 
sary consequence  of  the  molecular  constitution  of  gases  that 
in  such  an  atmosphere,  decreasing  in  temperature  from  within 
outwards,  the  various  constituent  gases  are  not  everywhere 
equally  mixed,  but  that  in  the  upper  regions  those  that  have 
the  lio-htesfc  molecules  rise  the  furthest,  so  that  the  gases  over- 
lap  one  another  in  the  order  of  the  masses  of  their  molecules." 
We  may  tluu-efore  expect  to  find  the  chemical  constituents 
arianging  themselves  according  to  their  molecular  masses  so 
long  as  they  retain  their  gaseity,  and  also  according  to  their 
volatility  when  condensation  has  ensued.  In  either  case,  how- 
ever, the  sejiaration  between  the  constituents  would  be  far  from 
perfect.  The  lower  stratum  of  the  gaseous  envelope  will,  of 
course,  consist  of  all  the  gases  ditiused  together  ;  and  while 
the  lighter  gases  outreach  the  heavier  ones,  still  the  molecules 
of  a  heavier  gas,  shooting  about  in  all  directions,  will  often 
a])proach  the  outer  limits  of  a  lighter  one.  Every  one  also 
who  has  performed  a  fractional  distillation  knows  how  dithcult, 
or  rather  imj)ossibie,  it  is  to  separate  entirely  one  body  from 
another  by  means  of  the  difference  in  their  boiling-points. 
Now  this  exactly  represents  what  we  actually  find  in  the  sun 
itself.  Stretching  far  beyond  its  luminous  sphere  there  is  an 
enormous  atmosphere  of  hydrogen,  which  is  by  far  the  light- 
est of  all  the  gases,  and  at  the  same  time  the  least  condensable 
of  those  which  have  been  recognized  in  the  sun.  Far  into 
this  atmosphere  of  hydrogen  rise  small  quantities  of  sodium 
and  magnesium,  both  volatile  metals,  and  both  giving  vapours 
of  exceptional  lightness.  Lower  down  we  find  in  large  quan- 
tities the  vapour  of  iron,  certainly  a  less  volatile  metal,  and 

*  Proceedings  of  the  Royal   Society  of  London,  vol.  xvi.  p.  25,  and 
vol.  xvii.  p.  1. 
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Laving  a  greater  molecular  weight.  This  is  acconi|)ani(>d  by 
other  metallic  vapours  ol' a  similar  degree  of  lightness,  which 
prol)al)ly  condense  to  form  that  region  of  cloud  wliich  consti- 
tutes the  glowing  suri'ace  that  we  behold.  The  spectroscope 
has  shown  Ihe  absence  in  the  solar  atmosphere  of  mercury, 
tellurium,  bismuth,  and  antimony,  bodies  of  high  molecular 
weight,  which  have  been  detected  in  Aldebai'an — and,  iiuku'd, 
of  all  tlie  metals  of  high  atomic  weight,  excej)t  jx'rhaps  })arium 
and  traces  of  lead.  At  the  same  time  we  find  no  indication  of 
any  of  the  very  infusible  metals,  such  as  platinum  or  gold. 
As  to  the  centre  of  the  sun  itself,  we  ai'e  of  course  perfectly 
iijnorant  of  its  chemical  constitution. 

II.  Tjct  us  now  suppose  the  whole  solar  system  to  have  been 
a  great  revolving  nebula  condensing  to  the  central  sun,  and 
forming  from  its  outer  portion  such  globes  as  the  planets  and 
their  satellites,  or  such  accumulations  of  smaller  particles  as 
the  comets,  meteorites,  the  grouj)  of  asteroids,  or  the  rings  of 
Saturn.  How  may  we  expect  to  find  these  bodies  constituted? 
Clearly  we  may  exjiect  to  find  that  they  consist  })riiicipally  of 
those  elementary  substances  which  give  the  lightest  or  the  least 
condensabkv  vapours,  while  at  the  same  time  we  may  expect 
them  to  contain  smaller  quantities  of  the  less  volatile  and  of 
the  lieavier  ones.  Now  the  earth,  though  it  is  one  of  the  ])la- 
nets  nearest  the  sun,  must  still  be  regarded  as  formed  from 
the  external  part  of  the  great  nebula,  when  we  bear  in  mind 
tlie  immense  mass  of  the  central  sun  its(;lf.  It  became  of  in- 
terest to  see  whether  the  relative  quantities  of  the  known 
chemical  elements  in  the  earth  was  in  conibrmity  with  this 
hypothesis.  I  asked  two  of  my  assistants  to  draw  out  a  list  of 
the  elements,  dividing  them  according  to  their  abundance  or 
otherwise  on  the  surface  of  the  globe.  I  did  not  construct 
tl  is  Table  myself,  lest  in  any  instances  my  judgment  should 
be  war])ed  by  the  tlieory  which  it  was  intended  to  test.  The 
following  is  the  Table  which  they  drew  up: — 


Elements  and  Vapour-densit'es. 
Non-metallic  Elements. 


rieiitifiil. 

Oxygen 10 

Silicon    26'o 

Carbon   12 

Ilvdiopen 1 

Sulphur 32 

Chlorine  ..  35-5 

Nitroo-en     14 

Average     ....  l'J-8 


Not  pknitilul. 

Phnsphorus 02 

Fluorine 19 

Uroniiue 80 

T'oron    11 

Iodine 127 

Selenium 79 

Average     03 
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Metals 

Plentiful. 

Eare. 

Very  rare. 

Aluminium  .  . 

27-5 

Cadmium    . . 

56 

Platinum.  . 

.   197-4 

Calcium   .... 

40 

Cobalt 

58-8 

Palladium 

.   106-5 

Sodium     .... 

23 

Bismuth  .... 

208 

Iridium    .  . 

.   198 

Ma|>nesium  .  . 

24 

Tungsten.  .  .  . 

184 

Osmium   .  . 

.   199 

Potassium    .  . 

39 

Gold  _ 

190-7 

Rhodium.  . 

.   104 

Iron 

56 

Strontium    .  . 

87-5 

Ruthenium  . 

.   104 

Manganese  .  . 

.55 

Uranium  .... 

120 

Lithium  .  .  . 

.       7 

Average  . 

.  37-8 

Molybdenum 

92 

Thallium .  . . 

.  204 

Glucinum    . . 

14 

"Vanadium    . 

.   1.37 

CommoL 

1. 

Titanium .... 

50 

Cerium .... 

.     92 

Barium     .... 

137 

Average.  . 

106-7 

Lanthanum  . 

.     92 

Zinc 

,32-5 

Didymium   . 

.     96 

Lead 

207 

Yttrium   .  .  . 

.     68 

Arsenic     .... 

150 

Thorium  .  . . 

.  231-5 

Copper 

63-5 

Niobium  .  .  . 

.     97-6 

Antimony    .  . 
Silver 

122 
108 

Ciesium    .  .  . 
Ivubidium    . 

.   133 

.     85 

Tin   

118 

Indium     .  . . 

.     74 

Cliromium   .  . 

52-6 

Tantalum     . 

.   1.37-5 

Mercury   .... 

100 

Tellurium     . 

.   128 

Nickel 

58-8 

Zirconium    . 

.     90 

Average  .  . 

104-5 

Average . 

.    122-9 

Note. — The  numbers  represent  the  atomic  weights.  It  is  very  possible 
that  the  vapour-densities  ofmanyof  the  metals  may  really  be  represented 
by  these  numbers  divided  by  two,  as  we  know  it  to  be  in  tlie  case  of  zinc 
and  others.    If  this  be  so,  it  will  not  aifect  the  general  conclusions. 

It  will  be  seen  that  the  average  density  of  those  non-metallic 
elements  which  are  plentiful  is  19"8,  against  G3'0  as  the  den- 
sity of  the  rarer  ones.  This  contrast  is  still  more  striking  in 
regard  to  the  metals  :-^those  in  the  list  headed  "  plentiful " 
having  invariably  low  vapour-densities,  with  the  average  of 
37*8  ;  those  denominated  "  common  "  being  nearly  always 
higher,  with  the  average  of  104*5  ;  those  denominated  "rare" 
averaging  10G*7  ;  while  the  very  rare  metals  have  almost  in- 
variably high  atomic  weights,  giving  the  higher  average  of 
122'i).  This  classification,  however,  scarcely  represents  the 
whole  truth,  especially  in  regai'd  to  the  metals  ;  for  as  far  as  we 
are  acquainted  with  the  constituents  of  the  earth,  the  first  six 
or  seven  metals  are  incom])arably  more  abundant  than  the 
remainder,  while  most  of  the  heaviest  metals  exist  but  in 
merest  traces.  It  may  also  be  remarked  that  not  one  of  the 
very  rare  metals  is  sutHciently  volatile  for  its  vapour-density 
to  have  been  taken.  This  is  quite  in  accordance  with  theory, 
showing  that  all  those  elements  of  which  the  great  mass  of 
the  earth  is  composed  are  of  low  density  when  in  the  gaseous 
condition,  and  that  they  are  mixed  with  much  smaller  quan- 
tities of  bodies  which  as  a  rule  give  heavier  and  more  conden- 
sable vapours. 
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III.  Tlie  meteoric  stones  wliicli  fall  to  the  earth  from  inter- 
planetary spaces  show  this  ])repon(lerance  of  the  lighter  ele- 
ments still  more  strikinoly.  We  have  the  advantage  in  their 
case  of  knowing  what  is  in  the  interior  as  well  as  on  the  surface, 
which  we  do  not  know  of  our  own  globe  ;  but,  on  the  other  hand, 
we  know  littl(\  or  nothing  of  the  atmospheni  which,  by  analogy 
with  the  other  heavenly  bodi(;s,  we  may  su[)posc  to  surround 
each  meteoric  mass  before  it  mixes  with  our  own  air.  The 
various  known  constituents  may  bo  classified  as  follows  : — 


rientiful. 

Iron. 

Magnesium. 

Calcium. 

Silicon. 

Oxygen. 

Sulphur. 

Nickel. 

Chromium. 

Aluminium. 


Elements  of  the  Meteorites. 

Common.  Rare. 

Carbon.  Vanadium. 

Phosphorus.  Titanium. 

Co])i)cr.  Tin. 

Sodium.  Potassnun. 

Cobalt.  Lithium. 

Manganese.  Chlorine. 
Hydrogen. 


IV.  While  the  above  tables  give  a  general  result  which  is 
unmistakably  in  accordance  with  the  deductions  of  theory, 
tliere  are  evident  exceptions  in  detail.  Thus  bismuth,  which 
has  nearly  the  heaviest  of  all  vapours,  is  by  no  means  the 
rarest  constituent  of  the  earth  ;  but  then  it  must  also  be  re- 
membered that  it  is  one  of  the  most  volatile  metals,  and  thus 
would  remain  in  the  atmosjdiere.  On  the  other  hand,  gluci- 
num,  with  the  atomic  weight  of  only  14,  is  amongst  the  rare 
metals  ;  and  lithium,  the  lightest  of  all,  being  only  7,  is  very 
small  in  quantity  upon  the  surface  of  the  earth.  Lead,  again, 
with  the  atomic  Meight  207,  is  connnon.  A  very  natural  way 
of  accounting  for  such  exceptions  is  to  sujipose  that  in  the 
original  nebula  there  was  but  a  comparatively  small  cpiantity 
of  glucinum  and  lithium,  and  a  very  large  quantity  of  lead  ; 
for  of  course  there  is  no  reason  to  suppose  that  the  nebulous 
mass  was  composed  of  GO  or  70  elements  in  equal  quantities. 
There  is  another  circumstance  which  may  be  exjiected  to  in- 
terfere with  the  universality  of  this  rule  :  compound  bodies 
ditfer  both  in  volatility  and  density  from  the  elements  from 
which  they  are  formed,  and  often  without  any  reference  to 
the  mean  of  their  respective  quantities.  Thus,  to  take  the 
most  familiar  instance — water.  Oxygen  and  liydrogen  are 
gases  which  we  have  never  succeeded  in  liquefying  by  any 
degree  of  cold  or  pressure  ;  but  the  vapour  of  their  compound 
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is  condensable  at  100°  C.  Again,  the  density  of  a  mixture  of 
two  volumes  of  hydrogen  and  one  of  oxygen  is  (3 ;  but  when 
these  gases  are  combined  together,  the  density  becomes  9. 
Thus,  again,  carbon  is  itself  yerj  difficult  to  volatilize  ;  but  its 
compounds  with  oxygen,  or  hydrogen,  or  sulphur,  or  chlorine, 
or  nitrogen,  are  gaseous  at  the  ordinary  temperature  or  a  little 
above  it.  Xow  it  is  certain  that  in  the  great  nebulous  mass 
the  force  of  chemical  affinity  must  be  at  work  in  a  varietv  of 
ways  ;  and  the  distance  of  an  element  from  the  centre  of  gra- 
vity or  heat  will  depend  in  no  small  degree  upon  the  substance 
with  which  it  is  combined  ;  nor  does  the  chemistry  of  the 
minerals  which  constitute  the  surface  of  our  globe  attbrd  much 
clue  to  the  chemistry  of  an  incandescent  nebulous  mass.  We 
may  learn  more  from  the  meteorites,  as  they  were  CAidently 
formed  at  a  very  high  temperature  ;  for  they  usually  consist  of 
rounded  masses  of  siliceous  minerals  imbedded  in  a  matrix  of 
iron,  which  has  all  the  appearance  of  having  been  soft  at  the 
time  of  their  envelopment.  Now,  although  no  element  has 
yet  been  foujid  in  the  meteorites  which  does  not  exist  in  the 
earth*. the  arrang^ement  of  the  elements  is  exceedinoly  dilfer- 
ent.  Thus  we  nnd  sulphur  and  iron  combined  in  the  form  of  a 
protosulphide  (FeS),  and  other  minerals  having  constitutions 
which  are  unknown  amonff  those  of  our  globe.  We  are  not 
free,  therefore,  to  conclude,  as  Mr.  Stoney  is  disposed  to  do, 
that  the  vapour  of  barium  must  have  a  density  little,  if  at  all, 
heavier  than  that  of  iron,  since  there  may  be  light  or  volatile 
compounds  of  barium  Avith  which  at  present  we  are  not 
familiar. 

V.  The  heads  of  comets  have  been  found  to  be  self-luminous, 
and  to  emit  bands  which  are  usually  referred  to  carbon.  The 
theory  has  indeed  been  maintained  by  some  of  our  most  emi- 
nent physicists,  that  the  minute  bodies  of  which  we  have  reason 
to  believe  comets  are  composed,  consist  in  a  great  measure  of 
carbon,  and  that  in  rajudly  revolving  round  the  head  these 
particles  come  into  collision,  with  the  production  of  sulficicnt 
heat  to  volatilize  the  carbon.  In  fact,  the  theory  maintains 
that  it  is  not  the  twinkling  stars  which  shine  like  diamonds  in 
the  sky,  but  that  it  is  the  heads  of  comets,  which  are  composed 

•  The  meteorites  would  appear  to  be  a  likely  field  for  the  discoven-  of 
new  elements.  They  will  probably  exi^t  in  small  quantities,  but  rt cog- 
nizable by  the  spectroscope  ;  indeed  it  would  seem  by  no  means  impro- 
bable that  a  diligent  search  among  the  residues  of  meteoric  stones  after  the 
removal  of  ii-on,  silicon,  magnesium,  &:c.  would  reveal  substi'.nies  which 
would  emit  rays  answering  to  some  of  the  dark  lines  of  the  solar  or  stellar 
spectra  at  present  unrecognized.  I  commend  this  to  the  consideration  of 
any  young  spectroscopist. 
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of  such  diamonds.  Some  corroboration  of  this  theory  is  to  be 
found  in  tlio  fact  that  some  meteors  contain  carbon  in  the  form 
of  graphite;  and  the  connexion  between  meteoric  streams  and 
comets  seems  to  be  estaljlished.  It  occurred  to  me  to  examine 
whether  the  volatilized  carbon  between  the  points  of  an  electric 
light  gave  out  this  band  spectrum.  I  found  it  difficult,  though 
not  impossible,  by  the  aid  of  Mr.  Ladd,  to  throw  this  light 
upon  the  screen  without  the  overpowering  flood  of  light  from 
the  white-hot  points  themselves.  A  more  convenient  way  of 
examining  it  was  to  throw  the  image  of  the  charcoal  points 
upon  the  screen  in  the  usual  manner,  to  place  my  eye  in  the 
intermediate  blue,  and  look  at  the  source  of  light  with  a  direct- 
vision  spectroscope.  I  thus  found  that  with  large  batter}'- 
power,  and  the  points  far  removed  froni  one  another,  there 
appeared  occasionally  a  band  spectrum,  ])ut  that  generally 
it  burst  forth  as  a  nmlti[)licity  of  bright  lines.  When,  how- 
ever, the  spark  was  made  about  as  feeble  as  possible,  there 
appeared  pretty  constantly  the  three  bands  closely  resembling 
those  observed  in  carbon  compounds  and  the  heads  of  comets; 
and  a  measurement  of  the  brightest  portion,  the  least-refran- 
gible edge  of  the  middle  band,  confirmed  my  belief  in  their 
identity*.  While,  however,  it  is  possible  that  the  light  of  the 
heads  of  comets  is  due  to  pure  vapour  of  carbon,  there  seems  to 
me  to  be  a  very  serious  difficulty  in  theory.  The  luminous  gas 
in  falling  back  again  to  the  tail  would  condense  into  drops  of 
liquid  or  solid  carbon,  which  at  their  first  formation  must 
necessarilj-  pour  forth  a  fiood  of  rays  of  every  refrangibility; 
but  this  is  not  the  case.  It  seems  to  me  more  probable  that 
the  material  shining  in  the  heads  of  comets  is  of  the  nature  of 
carbonic  oxide,  or  of  those  hydrocarbons  which  we  know  are 
occluded  in  many  of  the  iron  meteorites,  and  wdiich  could  be 
easily  driven  out  by  any  heat,  even  if  they  do  not  form  a  part 
of  their  atmosphere  under  ordinary  circumstances. 

AVe  thus  see  that  the  deductions  drawn  from  the  theory  that 
the  solar  system  was  once  a  great  nebulous  mass,  are  borne 
out  by  the  chemical  phenomena  accessible  to  us  ;  and  this  of 
course  affords  another  argument  in  favour  of  the  nebular 
theory  itself. 

*  After  reading  my  paper,  I  leanit  that  Captaiu  Abney  had  previously 
made  similar  observations  with  the  ?park  of  the  magneto-electric  light.  " 
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LII.  Notices  respecting  Neio  Books. 

A  Treatise  on  Statics,  containing  some  of  the  fundamental  propositions 
in  Electrostatics.  By  George  M,  Minchin,  M.A.,  Senior  Mode- 
rator in  Mathematics  and  Natural  Philosophy,  Trinity  College, 
Dublin,  and  Professor  of  Applied  Mathematics  in  the  Royal  Indian 
Engineering  College,  Coopers  Hill.  London:  Longmans,  Green, 
and  Co.  ]877.  (Crown  8vo,  pp.  450.) 

T^HIS  work  contains  all  those  parts  of  Statics  which  are  commonly 
-*-  read  by  students.  It  is  found,  we  believe,  that  comparatively  few 
continue  their  inquiries  into  the  parts  of  the  subject  that  are  here 
omitted — such  as  the  Equilibrium  of  Structures  and  Machinery, 
and  that  of  Elastic  Solids. 

The  work  is  divided  into  fourteen  Chapters,  of  which  the  first 
eight  are  much  more  elementary  than  the  last  six.  These  eight 
chapters  contain  a  very  full  discussion  of  the  composition  and  reso- 
lution and  of  the  equilibrium  of  forces  acting  in  one  plane  on  a 
point  or  on  a  rigid  body.  Each  of  these  subdivisions  is  fully 
treated.  E.  g.  distinct  chapters  are  devoted  to  questions  in  which 
surfaces  of  contact  are  supposed  to  be  smooth,  aad  to  qiiestions  in 
which  they  are  supposed  to  be  rough ;  a  distinct  section  is  allotted 
to  a  discussion  of  the  principle  of  virtual  velocities,  or  (as  Mr. 
Minchin  prefers  to  call  it)  the  principle  of  virtual  work,  in  the  case 
in  which  the  forces  act  on  a  point,  and  another  section  to  the  case 
iu  which  they  act  on  a  system  of  two  connected  points.  These  two 
sections  form  one  chapter ;  a  second  chapter  is  devoted  to  the  ap- 
plication of  the  principle  to  the  case  in  which  the  forces  act  in  one 
plane  on  a  rigid  body. 

The  last  six  chapters  are,  as  already  stated,  of  a  less  elementary 
character  than  the  first  eight.  They  treat,  successively,  of  the 
equilibrium  of  a  body  under  the  action  of  any  forces,  of  the 
determination  of  centres  of  gravity,  of  the  application  of  the  prin- 
ciple of  virtual  work  to  any  system  of  bodies,  of  the  equilibrium  of 
flexible  strings,  of  simple  machines,  and  of  attractions.  There  is 
no  need  for  dwelling  at  length  on  this  list  of  contents ;  but  it  may 
be  noted  that  several  kinematical  theorems  relating  to  the  dis- 
placement of  rigidly  connected  points  are  given  in  the  chapters 
treating  of  virtual  work,  and  that  the  question  of  the  stability 
or  instability  of  equilibrium  is  discussed  more  fully  than  is  usual 
in  works  of  about  the  same  scope  as  the  one  before  us.  The  chapter 
on  Attractions  consists  of  three  sections :  in  the  first  the  properties 
of  the  Potential  are  investigated  and  applied  to  various  elementary 
questions  of  attractions ;  in  the  second  the  attraction  of  the  Ellip- 
soid is  treated;  and  in  the  third,  on  "  superficial  distributions," 
Green's  Equation  is  proved,  and  the  subject  of  Electrical  Images 
briefly  noticed. 

The  whole  of  the  work — but  particularly  the  first  eight  chapters 
— is  illustrated  by  very  numerous  examples,  many  of  which  are 
fully  and  many  others  partially  worked  out.  They  are  a  very  valu- 
able part  of   the  work,  and  the  more  so  as  they  are  made  to  illus- 
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trate  various  methods  of  solution.  There  can  be  little  doubt  that 
most  students  only  obtain  a  firm  hold  of  the  principles  of  Mechanics 
gradually,  by  applying  (hem  to  particular  cases. 

The  printing,  form,  and  binding  of  the  volume  are  such  as  to 
suggest  that  it  is  designed  as  a  companion  to  Mr.  Williamson's 
Treatises  on  the  Differential  and  Integral  Calculus,  which  have 
been  recently  noticed  in  our  pages.  We  cannot  perhaps  better 
express  our  sense  of  its  merits  than  by  saying  <hat  it  is  well  fitted 
for  the  position  it  appears  to  be  designed  to  fill. 

An  Elementary  Treatise  on  Musical  Intervals  and  Temperament,  with 
an  account  of  an  Enharmonic  Harmonium  exhibited  in  the  Loan 
Collection  of  Scientific  Instruments,  South  Kensiw/ton,  1870  ;  also 
of  an  Enharmonic  Organ  exhihited  to  the  Musical  Ast^ociation  of 
London,  May  1875.  By  E.  II.  M.  Bosanquet,  Felloiu  of  St.  John's 
College,  Oxford.  Loudon:  Macmillan  and  Co.  1876.  (8vo. 
Pp.  XX  and  94.) 

Dr.  Stainer,  in  the  course  of  a  work  on  "  Harmony  founded 
on  the  Tempered  Scale,"  used  the  following  words : — "  When 
musical  mathematicians  shall  have  agreed  amongst  themselves  upon 
the  exact  number  of  divisions  necessary  in  the  octave ;  when  me- 
chanists shall  have  invented  instruments  upon  which  the  new  scale 
can  be  played  ;  when  practical  musicians  shall  have  framed  a  system 
of  notation  which  shall  point  out  to  the  performer  the  ratio  of  the 
note  he  is  to  sound  to  its  generator ;  when  genius  shall  have  used  all 
this  new  material  to  the  glory  of  art — then  it  will  be  time  enough  to 
found  a  Theory  of  Harmony  on  a  mathematical  basis."  Mr.  Bosan- 
quet, who  quotes  this  passage  (p.  xi),  seems  to  have  regarded  it  as 
a  challenge,  to  which  the  book  before  us  is  in  some  sort  an  answer. 
The  main  points  on  which  the  answer  turns  he  states  as  follows  : — 
"  The  theory  of  the  division  of  the  octave  has  now  been  completely 
studied  ;  a  generalized  key-board  has  been  invented  and  constructed, 
upon  which  all  the  new  systems  can  be  played  ;  a  notation  has  been 
framed  by  which,  in  systems  of  perfect  and  approximately  perfect 
fifths  and  thirds,  the  exact  notes  can  be  indicated ;  and  it  has  been 

shown  that  other  systems  require  no  new  notation The  new 

material  may  be  therefore  said  to  be  ready  "  (p.  x\).  In  explanation 
of  these  points  we  hope  the  following  brief  statement  will  be  suffi- 
cient, though  far  from  complete.  The  division  of  the  octave,  on 
which  the  principal  stress  is  laid,  and  to  which  our  statement  must 
be  limited,  is  into  53  equal  intervals.  This  is  called  the  system  of 
53 ;  and  in  it  31  intervals  give  a  very  nearly  perfect  fifth.  In 
fact,  if  the  interval  of  an  octave  be  taken  as  unity,  the  perfect  fifth 
is  0*58496,  the  approximate  fifth  in  the  system  of  53  is  0*58491, 
while  in  equal  temperament  it  is  0*58333.  The  (major)  third  in 
the  system  of  53  is  also  a  close  approximation  to  the  perfect  third, 
at  all  events  much  closer  than  the  equal-temperament  third — the 
numerical  values  of  the  intervals  being  respectively  0*32193, 
0*32075,  and  0*33333.  Another  important  point  is  the  following : 
by  tuning  up  seven  fifths  and  down  four  octaves,  and  by  tuning 
down  five  fifths  and  up  three  octaves,  two  semitones  are  obtained, 

2C  2 
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called  the  seven-fifth  and  five-fifth  semitones  respectively — >the 
former  consisting  (approximately)  of  5,  and  the  latter  of  4  intervals ; 
and  it  is  easUy  shown  that  five  of  the  former  and  seven  of  the 
latter  make  up  an  exact  octave*. 

The  facts  now  recited  serve  as  a  basis  for  a  notation  which  will 
indicate  all  the  53  intervals  of  the  system,  by  an  extension  of  the 
ordinary  notation  for  the  seven  notes  of  the  octave  C,  D,  E,  .  .  .  . 
In  fact  the  intervals  C  to  D,  D  to  E,  E  to  Gr,  &c.  consist  of  a  five- 
fifth  and  a  seven-fifth  semitone,  which  together  make  nine  intervals 
in  the  system  of  53 ;  \\'hile  E  to  F  and  B  to  c  are  each  a  five-fifth 
semitone  or  four  intervals,  and  of  course  5  x  9  +  2  x  4=53.  Also  any 
note  is  sharpened  by  raising  it  a  five-fifth  semitone,  and  flattened 
by  depressing  it  a  seven-fifth  semitone.  If  now  we  denote  the 
successive  notes  in  the  system  of  53  by  the  numbers  1,  2,  3, . . .  53, 
54, . . .  and  call  C,  4,  then  C#  or  D\)  is  8,  D  is  13, . . .  A#  or  B^  is 
48,  B  is  53,  c  is  57,  &c.  Thus  we  have  twelve  notes  correspond- 
ing exactly  to  the  seven  white  and  five  black  keys  of  an  octave  on 
the  piano,  except  that  the  intervals  from  C  to  C#  and  from  C#  to 
D  are  in  the  ratio  of  4  to  5  instead  of  being  equal.  The  notation 
for  the  other  notes  is  now  easily  stated.  A  mark  of  elvation  (/) 
or  a  mark  of  depression  (\)  put  before  a  letter  signifies  a  note  an 
interval  higher  or  a  note  an  iuteiwal  lower  than  that  denominated 
by  the  letter ;  two  marks  signify  a  note  higher  or  lower  by  t\A'0 
such  intervals  ;  and  so  on.  The  whole  of  the  fifty-three  notes  of 
the  octave  can  now  be  indicated ;  e.  (j.  nos.  3,  4,  5  are  \C,  C,  /C. 
Nos.  7,  8,  9  are  \C#,  CJ+,  /C#,  and  so  on.  Under  certain  cii'cum- 
stances  the  same  note  could  be  indicated  by  either  of  two  nota- 
tions ;  e.  g  No.  7  could  be  indicated  by  ///C  or  \C#,  indifferently. 
It  is  to  be  observed  that  all  these  notes  can  be  easily  written  on  the 
musical  staff. 

These  notes  all  admit  of  being  played  on  a  harmonium  furnished 
with  a  key-board  (called  a  generalized  key-board)  resembling  that 
of  a  piano,  but  in  which  each  key  of  the  piano  is  replaced  by  seven 
keys  one  above  another — an  octave  of  the  whole  key-board  consist- 
ing of  seven  tiers  of  keys,  84  iu  all.  In  the  arrangement  of  the 
keys,  every  note  determined  by  an  exact  fifth  is  placed  a  quarter  of 
an  inch  further  back  and  a  twelfth  of  an  inch  higher  that  that  which 
precedes  it  in  the  series  of  fifths — e.  g.  Gr  is  set  a  quarter  of  an  inch 
further  back  and  a  twelfth  of  an  inch  higher  than  C.  "  The  most 
important  practical  point  about  the  key-board  arises  from  its  sym- 
metry'— that  is  to  say,  from  the  fact  that  every  key  is  surrounded 
by  the  same  definite  arrangement  of  keys,  and  that  a  pair  of  keys 
in  a  given  relative  position  corresponds  always  to  the  same  interval. 
Erom  this  it  follows  that  any  passage,  chord,  or  combination  of  any 
kind  has  exactly  the  same  form  vuider  the  fingers  iu  whatever  key 
it  is  played  "  (p!  20). 

This  statement,  it  will  be  observed,  is  an  answer  to  what  we  may 
call  Dr.  Stainer's  ^challenge.     We  may  just  add  that  any  system 

*  In  fact  5(7.r-  4//)-l-7(  — 5.r-|-3y)  =  y  ;  llie  above  staleiueut  is  therefore 
true  whether  the  fifths  be  exact  or  approximate. 


Royal  Society.  389 

of  dividing  the  octave  which  can  have  its  notes  arranged  in  a  con- 
tinuous series  of  equal  fifths,  and  which  returns  to  the  same  pitch 
after  a  certain  number  of  fifths,  is  called  a  regular  cyclical  system  ; 
and  it  is  of  the  rth  order,  positive  or  negative  according  as  twelve 
of  its  approximate  fifths  exceed  or  fall  short  of  seven  octaves  by  r 
units  of  the  system.  Thus  the  system  of  53  is  merely  a  particular 
case  of  a  regular  cyclical  systeui ;  and  it  is  of  the  fii'st  order  positive, 
because  12x31 — 7x53=1. 

In  addition  to  the  discussion  of  the  positive  systems,  the  mean- 
tone  or  old  unequal  temperament  is  described,  and  some  interesting 
historical  notices  concerning  it  are  given,  in  Chapters  V.  and  VI.,  as 
well  as  suggestions  for  adapting  the  generalized  key-board  (with  a 
smaller  number  of  keys)  to  it.  "The  result  of  the  writer's  practical 
experience  is,  distinctly,  that  there  are  many  passages  in  ordinary 
music  which  cannot  be  adapted  with  good  effect  to  positive  systems 
— and  that  the  rich  and  sweet  masses  of  tone  which  characterize  these 
systems,  with  the  delicate  shades  of  intonation  which  they  have  at 
command,  offer  to  the  composer  a  material  hitherto  unworked. 
The  character  of  music  adapted  for  these  systems  is  that  of  simple 
harmony  and  slow  movement :  it  is  a  waste  of  resource  to  attempt 
rapid  music  ;  for  the  excelknice  of  the  harmonies  cannot  be  heard. 
The  mean-tone  system  is  more  suitable  for  such  purposes  "  (p.  73). 
We  cannot  say  that  the  arrangement  of  the  book  is  satisfactory  ; 
a  reader  would  probably  be  disappointed  who  goes  to  it  hoping  to 
find  an  elementary  discussion  of  musical  iiitervals,  such  as  a  learner 
would  make  out  without  excessive  trouble,  and  such  as  the  title- 
page  appears  to  promise.  To  mention  a  single  point ;  we  cannot 
help  thinking  that  it  would  have  been  much  better  if  the  author 
had  assumed  explicitly  that  his  readers  were  able  to  use  a  common 
table  of  logarithms  of  numbers,  instead  of  setting  them  to  reduce 
a  certain  formula  to  numbers — a  process  which  is  in  fact  that  of 
calculating  the  logarithms  for  themselves.  "We  do  not  see  that  the 
least  advantage  is  gained  by  not  employing  "  the  labours  of  those 
who  constructed  the  tables  of  common  logarithms  "  (p.  88).  How- 
ever, it  is  not  fair  to  press  this  point,  as  the  author  himself  allows 
that  "  the  arrangement  [i.  e.  of  his  book]  is  unsatisfactory  from  a 
scientific  point  of  view  "  (p.  vii) ;  but  we  must  be  allowed  to  add 
that  it  seems  to  us  unsatisfactory  also  from  the  point  of  view  of  ele- 
mentary exposition. 


TjTII.  Proceedings  of  Learned  Soriefief. 

ROYAL  SOCIETY. 
[Continued  from  p.  310.] 
April  12,  1877.— Dr.  J.  Dalton  Hooker,C.E.,  President, in  the  Chair. 
nnHE  following  paper  was  read  :~ 

-'-  "  On  certain  Molecular  Changes  which  occur  in  Iron  and  Steel 
during  the  separate  acts  of  Heating  and  Coolinj;.''  Ey  Professor 
Norris,  M.D.,  Queen's  College,  Birmingham. 

In  the  course  of  certain  researches  in  Physiological  Physics,  in 
which  the  author  of  this  paper  has  been  for  some  time  past  engaged, 
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it  became  necessary,  with  a  view  to  learn  how  far  it  bore  upon  the 
subject  in  hand,  to  inquire  into  the  nature  of  a  peculiar  fact  which 
was  observed  by  his  friend  Mr.  Gore,  and  published  in  the  Pro- 
ceedings of  the'Eoyal  Society,  January  28th,  18G9,  under  the  title 
of  "A  Momentary  Molecular  Change  in  Iron  Wire."  In  this 
communication  it  was  shown  that  if  a  strained  iron  wire  were 
heated  to  redness  by  a  voltaic  current  or  other  means,  on  being 
allowed  to  cool,  the  contraction  of  cooling  was  at  a  certain  point, 
and  for  a  limited  period,  arrested  by  an  action  of  elongation. 

"With  wires  of  iron  0-65  millim.  thick  (No.  23)  and  21-5 
centims.  long,  strained  to  the  extent  of  ten  ounces  or  more,  and 
heated  to  full  redness,  the  phenomenon  was  clearly  developed.  For 
example,  the  needle  of  the  instrument  went  with  regularity  to  18-5 
of  index-plate  ;  the  current  was  then  stopped  ;  the  needle  instantly 
retreated  to  17-75,  then  as  quickly  advanced  to  19-75,  and  then 
went  slowly  and  regularly  back,  but  not  to  zero.  After  shutting 
off  the  source  of  heat,  the  wire  contracted  0*75  millim.,  and  then 
expanded  2  millims.,  so  that  it  returned  1-25  millim.  beyond  the 
original  point  of  heating,  and  then  resumed  its  course  towards  zero, 
which  it  failed  to  reach  The  length  of  the  kick,  plus  the  amount 
of  stretch,  occasioned  during  the  occurrence  by  the  strain,  was 
therefore  2  millims.  If  the  temperature  of  the  wire  were  not  sufH- 
ciently  high,  or  the  strain  upon  the  wire  not  enough,  the  needle 
went  directly  back  \a  ithout  exhibiting  the  momentary  forward  move- 
ment. The  temperature  and  strain  required  to  be  sufficient  to 
actually  stretch  the  wire  somewhat  at  the  higher  temperature.  A 
higher  temperature  with  a  less  degree  of  strain,  or  a  greater  de- 
gree of  strain  with  a  somewhat  lower  temperature,  did  not  develop 
the  phenomenon.  The  wire  was  found  to  be  permanentl}'-  elongated 
on  cooling." 

Mr.  Gore  further  observes  : — "  The  molecular  change  evidently 
includes  a  diminution  of  cohesion  at  a  particular  temperature 
during  the  process  of  coohng  ;  and  it  is  interesting  to  notice  that 
at  the  same  temperature  daring  the  heating-process  no  such  loss 
of  cohesion  (nor  any  increase  of  cohesion)  takes  place  ;  a  certain 
temperature  and  strain  are  therefore  not  alone  sufficient  to  pro- 
duce it ;  the  condition  of  cooling  must  also  be  included.  The  phe- 
nomena which  occur  during  cooling  are  not  the  exact  converse  of 
those  which  take  place  during  heating." 

The  subject  was  subsequently  taken  up  by  Professor  Barrett,  of 
Dublin,  who,  in  a  paper  to  the  '  Philosophical  Magazine  '  in  1873 
(vol.  xlvi.  p.  472),  showed,  by  the  use  of  the  mirror,  that  during  the 
heating  of  the  wire  a  converse  action  to  that  which  takes  placo 
during  cooling  occurs.  He  says  :—'■'■  During  the  heating  of  the  wire 
a  slight  and  momentary  retrogression  of  the  beam  was  noticed  at 
the  temperature  corresponding  to  the  powerful  jerk  that  occurred 
on  cooling. 

"  The  temperature  at  which  the  momentary  jerk  occurs  seems 
to  be  lower  in  thick  wires  than  in  thin  ones.  The  momentary 
retraction,  as  closely  as  can  be  judged,  takes  place  at  the  same  tem- 
perature at  which  the  elongation  takes  place  on  cooling.  Releasing 
the  tension  of  the  spring,  the   forward  motion  on  cooling  is,  as 
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might  be  expected,  much  lessened,  whUst  the  jerk  back  is  « cartel; 
afflcted.  Increasing  the  tension  of  the  spring,  the  forward  jerk  is 
correspondingly  increased,  and  the  backward  jerk  diminishes  and 
can  be  made  t6  disappear.  Without  the  spring,  an  iron  wire  can 
be  seen  by  the  naked  eye  to  undergo  a  momentary  contract  on 
during  heating,  and  a  momentary  and  more  palpable  elongation 

^''-TllTnds^of  iron  do  not  exhibit  this  behaviour ;  and  some  show 
it  in  a  more  or  less  marked  degree.  I  have  not  been  able  to  detect 
any  change  in  certain  specimens  of  good  soft  iron  wire  ;  but  in 
hard  iron  wire,  and  notably  in  steel  wire,  it  is  very  apparent 

"The  wire,  moreover,  requires  to  be  raised  to  a  very  high  tem- 
perature before  the  jerk  is  seen  on  cooling.  I  h^^\^^°\°^f  ™ 
the  momentary  elongation  on  cooling  when  the  ^;ire  has  only  been 
heated  to  a  point  just  beyond  that  at  which  it  would  otherwise  occur 
"During  the  cooling  of  the  wire  it  was  found  that  just  as  it 
reached  a  very  dull  red  heat,  a  sudden  accession  of  temperature  oc- 
curred, so  that  it  glowed  once  more  with  a  bright  red  heat,  it 
was  found  that  the  reheating  of  the  wire  occurred  simultaneously 
wiih  the  momentary  elongation."  ^  „^  a^ 

In  studying  these  phenomena  it  seemed,  in  the  first  place,  de- 
sirable to  "construct  apparatus  of  much  greater  delicacy  and  heating- 
power  than  that  used  by  either  of  the  previous  observers,  so  that,  it 
possible,  the  shortening  during  heating  could  be  shown  with  the 
same  facility  as  the  elongation  during  cooling.      This  has   been 
achieved  by  means  of  the  instrument  a  sketch  of  which  is  given 
with  the  Charts.     The  main  idea  has  been  to  construct  an  apparatus 
which  would  exhibit  the  phenomena  readily  without  the  use  ot  mir- 
rors or  batteries,  and  that  would  admit  of  experiments  being  per- 
formed either  with  or  loithouf-  strain.     This  latter  has  been  ac- 
complished by  placing  the  wire  vertically,  so  as  to  get  rid  ot  all 
drooping  when  heated.      With  apparatus    thus  constructed,  we 
found  no   difficulty  in  displaying   the   phenomena   in   the    most 
perfect  manner,  the  heating-kick  not  unfrequently  being  three  or 
four  centimetres  in  length,  and  the  cooling-kick  sometimes  as  much 
as  13  centimetres.  .  i.  •    ^i 

It  is  necessary  to  state  in  limine  that  strain  plays  no  part  m  the 
production  of  the  phenomena  of  the  kicks  or  jerks.  Its  only 
effect  is  to  cause  a  very  small  influence  in  the  cooling  (which  might 
have  been  overlooked  With  certain  kinds  of  apparatus)  to  be  ob- 
served It  is  obvious  that  when  a  wire  has  a  tendency  to  expand, 
the  presence  of  weight  or  tension,  by  assisting  to  overcome  the 
inertia  of  the  apparatus,  would  favour  the  exhibition  of  the  act ; 
but  it  is  equally  clear  that  it  would  operate  in  an  opposite  manner 
when  the  tendency  was  to  contract,  as  in  the  heating ;  and  there- 
fore, although  it  would  favour  the  cooling,  it  would  be  prejudicial 
to  the  heating-kick.  i  u    *.u 

Strain  therefore,  being  unessential  to  the  phenomenon,  and,  by  the 
introduction  of  false  quantities,  prejudicial  to  the  quantitative  com- 
parison of  the  several  effects,  it  has  been  carefully  avoided  in  these 
experiments,  suflicient  weight  alone  being  used  to  keep  the  thread 
tense  upon  the  pulley,  and  never  in  any  case  to  elongate  the  par- 
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ticular  wire  under  use,  even  when  maiutaiuetl  for  some  time  at  its 
highest  temperature. 

It  is  desirable  that  these  facts  should  be  borne  in  mind  ;  for  no 
sooner  do  we  enter  upon  this  research  with  more  delicate  and  reli- 
able apparatus,  than  we  find  that  the  kicks  are  but  a  small  part  of 
tlie  phenomena  we  are  called  upon  to  observe  and  explain.  We  as- 
certain at  the  very  outset  tliat  iron  and  steel  wire  presents  itself  to 
our  examination  under  very  different  conditions,  which  demand  a 
rigid  analysis.  Thus,  apai't  from  its  inherent  quality,  it  may  come 
to  us  for  experiment : — 

(a)  In  its  usual  commercial  state. 

(6)  After  having  been  subjected  to  various  degrees  of  annealing. 

(c)  In  various  degrees  of  induced  hardness. 

It  is  proposed  to  consider,  in  the  first  place,  the  phenomena  pre- 
sented by  the  ordinary  steel  wire  of  commerce,  when  fint  sub- 
jected to  the  influence  of  heat.  During  the  heating  of  such  wires, 
we  notice  that  a  first  kick  occurs  at  a  point  varying  on  the  scale 
from  29°  to  33°,  and  that  tlie  wire  subsequently  proceeds  to  a  high 
expansion,  which  may  be  represented  on  ihe  scale  by  the  figui'es 
G(5°,  ^'2^°,  55°,  50g°,  and  so  forth,  according  to  the  quality  and 
state  of  the  wii*e.  In  the  act  of  cooling  a  kick  commences  at 
l)oints  varying  from  3l2°  to  22°^  and  terminates  at  points  varying 
from  33°  to  28°,  v.heu  the  finger  proceeds  on  towards  zero,  but  in- 
variahly  falls  short  of  reacJdng  it  bi/  amounts  varying  from  ^°  to  5|° 
(^centimetres).     \^Vide  fig.  l,p.394.] 

Inthe  next  experiment  with  these  wires  a  much  altered  state  of 
things  is  found  to  obtain.  Thus  the  first  kick  is  lowered  a  little 
in  position,  increased  in  range ;  the  expansion  of  the  wire  is  ma- 
tei'ially  diminished,  being  now  repi'esented  by  such  figures  as  5S^°, 
431°,  45^°,  50f°,  &c.  respectively.  In  the  cooling  the  second  kick 
is  separated  more  from  the  first,  being  put  back  in  the  direction  of 
zero.  It  will  also  be  seen  that  in  cooling  the  finger  ])asses  beyond 
zero,  indicating  now  that  the  wire  is  permanently  shortened, 
w  hereas  in  the  primary  heating  it  was  permanently  elongated. 

A  comparison  of  these  t\\o  series  of  experiments  will  show  us 
that,  during  the  heating  of  these  wires,  there  is  going  on  at  the 
same  time  a  whole  series  of  phenomena,  some  of  which,  although 
different  in  nature,  are  alike  as  to  result,  while  others  are  different 
both  as  to  nature  and  result.  AVe  have,  in  the  first  place,  the 
ordinary  expansion,  which  we  will  designate  the  "  dynamical  ex- 
pansion." In  the  primary  heating  an  amomit  of  expansion  will 
be  seen  to  occur  which  has  no  equi\  alent  in  the  dynamical  contrac- 
tion of  cooling.  The  secondary  heatings  reveal  to  us  the  existence 
of  a  contraction,  which  is  also  excited  during  the  heating,  and  the 
action  of  u-hich  is  to  limit  the  dynamical  expansion  previously 
refen-ed  to.  That  it  masl-s  a  portion  of  the  dynamical  expansion 
is  rendered  ob\ious  by  the  fact  that,  in  cooling,  the  finger  moves 
beyond  zero,  showhig  that  the  wire  has  contracted  more  in  cooling 
than  it  expanded  in -healing. 

In  addition  to  this,  we  have  also  the  ])henomeua  of  the  kicks 
themselves  ;  and  these  mav  be  described  as  consisting  of  a  temporary 
contraction  and  expansion. 
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Daviiifj  the  heatixrj  of  a  wiro,  when  in  its  commercial  state,  there 
are  one  expansive  and  two  contractive  tendencies  exerting  their 
powers  at  one  and  tlie  same  time  ;  and  conversely,  in  the  act  of  cool- 
ing, there  are  one  coiitractive  and  two  expansive  influences  at  work, 
viz. : — ordinary  cooling  contraction  ;  an  expansion  which  is  the  oppo- 
site of  the  tem})orary  contraction  of  heating — the  cooling -kick ;  and 
an  expansion  which  is  the  opposite  in  nature,  but  not  necessarily 
in  amount,  of  the  contraction  of  heating — crgstalline  expansion. 
In  every  case  the  interpretation  of  the  general  I'esult  depends 
upon  the  accui-ate  estimate  of  the  extent  to  which  these  inter- 
acting forces  ha\e  modified  each  other's  effects.  Thus  during  the 
heating  we  have  a  tempoi'ary  and  a  permanent  contraction,  assisting 
each  other  to  oppose  the  dynamical  expansion.  In  cooling,  on  the 
other  hand,  we  have  two  expansions,  one  of  which  is  temporary  and 
the  other  permanent,  opposing  the  dynamical  contraction  of  cooling. 

It  will  be  desirable  to  carefully  define  the  nature  of  these  re- 
spective influences,  and  the  terms  which  will  be  used  to  distinguish 
them  in  this  research, 

I.  Dg)ic(mical  Expansion. — This  term  will  be  used  to  distinguish 
the  ordinary  dilatation  produced  in  bodies  generally,  by  raising 
them  from  a  given  temperature  to  a  higher  one,  and  which  is  exactly 
counterbalanced  by  contraction  \^  hen  the  original  temperature  is 
regained.  It  is  proposed  to  call  this  kind  of  contraction  "  the  dy- 
namical contraction.'' 

IE.  Contraction  of  Heating. — Fn  the  diagrams  representing  second 
heatings  [vide  fig.  2]  we  get  the  first  inkling  of  the  existence  of  a 
contractive  or  shortening  influence  excited  by  heat  simultaneously 
with  the  expansion.  In  the  diagrams  of  annealed  and  hardened 
wire  [^vide  figs.  3,  4,  5]  this  influence  becomes  more  obvious  still. 
In  these  cases  it  is  seen  to  greatly  mask  the  dynamical  expansion. 
This  kind  of  contraction  may  be  also  displayed  by  protracted  heating 
of  the  wire,  when,  it  exhibits  itself  at  the  end  of  the  expansion  as 
a  slow,  continuous  contraction  of  considerable  extent  [vide  fig.  5]. 

III.  Temporarg  Contraction. — This  term  is  applied  to  the  cooling 
influence  which  is  excited  in  the  wire  during  heating,  and  which, 
at  a  certain  point,  balances  the  expansion  ;  for  heat  being  rendered 
latent  at  the  same  rate  as  it  is  being  absorbed,  produces  a  stop 
(which  indicates  that  the  expansion  is  arrested  and  balanced)  or  a 
kick  (which  implies  an  absolute  cooling  of  the  wire  from  excess  of 
latency).  The  diminution  of  the  rate  of  expansion,  or  the  actual 
shortening  produced  by  this  kind  of  contracticm,  is  of  a  temporary 
character,  and  must  not  be  confounded  with  the  heat-contraction 
which  it  accompanies. 

These,  then,  are  the  phenomena  of  heating : — 

(1)  Dynamical  expansion ; 

(2)  Permanent  or  heat  contraction  ; 

(3)  Temporary  contraction  (heating-kicks)  ; 

(4)  Stretching  ;   and 

(5)  The  influence  of  oxide. 

We  have  now  to  consider  what  influences  are  present  during 
the  cooling : — 
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I,  Dynamical  Contraction. — The  opposite  of  dynamical  expan- 
sion. 
II.  Permanent  Expansion  of  cooling. — (Crystalline  expansion.) 
in.   Temporary  Expansion. — The  thermal  expansion  due  to  the 
reglowiug  of  the  wire  during  cooling.     This  is  the  proximate  cause 
of  the  stops  and  kicks  which  occur  in  cooling.     It  is  evanescent  as 
an  opposing  force,  and  must  not  be  confounded  with  the  permanent 
or  crystalline  expansion  of  cooling,  of  which  it  is  simply  the  effect. 
We  have,  then,  in  cooling  : — 

(1)  Dynamical  contraction  ; 

(2)  Permanent  expansion  of  cooling  ; 

(3)  Temporary  expansion  (cooling-kicks)  ;  and  to  these  may 

be  added 

(4)  Influence  of  oxide. 


First  heating. 
Second  heating. 


Fig.  1.  Commercial  steel  wire. 
Fig.  2.  Do.         do. 

Fig.  3.  Air-hardened  wire. 
Fig.  4.  Water-hardened  wire. 
Fig.  5.  Annealed    steel    wire, 
returns. 

N.B. In  each  figure  the  upper  curve  refers  to  the  heating,   the  lower  to  the 

oooling  effect. 


High-temperature   contraction.       Contraction 
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An  extended  study  of  these  various  conditions  has  led  to  the 
elucidation  of  the  nature  of  hardening,  softening,  tempering,  an- 
nealing, &c.  of  iron  and  steel,  and  has  further  shown  that  nu- 
merical values  may  be  assigned  to  these  states. 

In  brief,  the  research  establishes  : — 

1.  The  existence  in  steel,  and  in  iron  containing  free  carbon,  of 
a  contraction  or  shortening  which  is  excited  by  heat,  and  which  pro- 
ceeds simultaneously  with  the  dynamical  expansion  and  masks  its 
true  amount.  This  is  divisible  into  hiyh  and  low  temperature  con- 
traction.    [Compare  tigs.  4  &  5.] 

2.  The  presence  of  a  cooling  expansion  or  crystallization,  which 
comes  in  during  the  dynamical  contraction  and  masks  its  true 
amount. 

3.  These  effects,  due  to  crystallization  and  decrystallization,  are 
the  causes  of  the  so-called  kicks,  or  temporary  contractions  and 
expansions,  which  occur  during  the  heating  and  cooling  of  the  steel. 

4.  That  the  low-temperature  contraction  and  cooling  expansion 
are  due  to  decrystallization  and  crystallization  which  occur  during 
the  acts  of  heating  and  cooling,  while  the  kicks  themselves  are 
simply  the  thermal  effects  associated  with  these  changes,  and  are 
proportionate  to  their  extent. 

5.  That  protracted  annealing  (that  is,  extremely  slow  cooling) 
brings  about  molecular  separation  of  the  carbon  and  iron;  and 
fcteel  in  such  a  state  contracts  greatly  when  high  temperatures  are 
reached,  producing  the  contraction  returns  seen  at  the  end  of  the 
heating,  and  which  are  due  to  the  condensation  produced  by  the 
recombination  of  Ihe  carbon  and  iron.  Steels  in  this  state  are 
less  susceptible  to  cooling-expansion  (crystallization),  and  therefore 
to  low-temperature  contraction  on  subsequent  heating.  [  Vide  fig.  5.] 

LIV.  Intelligence  and  Miscellaneous  Articles. 

FRESH  RESEARCHES  ON  THE  METAL  DAVYUM.      BY  M.  SERGE  KERN. 

A  S  I  intimated  in  my  first  Note  addressed  to  the  Academy,  my 
■^^  ingot  of  davyum  weighed  0-27  grm.  The  metal  was  dissolved  in 
aqua  regia  in  order  to  examine  the  action  of  different  reagents  upon 
the  solution. 

Potass  gives  a  bright  yellow  precipitate  of  hydrate  of  davyum, 
which  is  readily  attacked  by  acids,  even  by  acetic  acid.  The  hy- 
drate dissolved  in  nitric  acid  gives  a  brownish  mass  of  nitrate  of 
davyum;  on  calcining  this  salt,  a  black  product  is  obtained,  which  is 
probably  the  monoxide. 

The  chloride,  dissolved  in  a  solution  of  potassic  c}anide,  gives, 
when  the  solution  is  slowly  evaporated,  beautiful  crystals  of  a 
double  cyanide  of  davyum  and  potassium.  The  potassium  in  this 
salt  can  be  replaced  by  several  metallic  elements.  Cvanodavicacid 
is  very  unstable  ;  it  is  isolated  by  passing  a  current  of  sulphuretted 
hydrogen  through  a  solution  of  a  double  cyanide  of  lead  and 
davyum. 

In  acid  solutions  of  davyum  sulphuretted  hydrogen  produces  a 
precipitate  of  sulphuret  of  davyum,  which  is  readily  attacked  by 
the  alkaline  sulphurets,  probably  giving  a  series  of  sulpho-salla. 
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A  couceutrated  solution  of  clavyum  cliloride  gives,  with  potassic 
sulphocyanide,  a  red  precipitate  which,  slowly  cooled,  produces 
large  red  crystals.  If  the  same  precipitate  is  calcined,  the  davyum 
sulphocyanide  takes  the  form  of  a  black  powder.  These  reactions 
show  that  this  salt  is  allotropic. 

The  chloride  is  very  soluble  in  water,  alcohol,  and  ether;  but 
the  crystals  of  this  salt  are  not  deliquescent.  Calcined,  the  salt 
gives  as  residue  the  monoxide.  The  chloride  of  davj^um  forms 
double  salts  with  the  chlorides  of  potassium  and  ammonium  ;  they 
are  insoluble  in  water,  and  highly  soluble  in  absolute  alcohol.  The 
double  salt  of  sodium  and  davyum  is  almost  iiisoluble  in  water  and 
in  alcohol ;  this  reaction  is  characteristic,  because  several  sodic 
salts  of  the  platinum  group  are  highly  soluble  in  water. 

This  chloride  of  davyum  is  the  only  one  that  exists,  as  the 
second  product,  containing  more  chlorine,  decomposes  during  the 
evaporation  of  the  solution,  liberating  chlorine. 

I  have  made  some  new  researches  upon  the  density  of  cast 
davyum  ;  three  experiments  gave  the  following  numbers — 9-388, 
9-387,  9-392  at  24°  C. 

These  results  agree  very  closely  with  those  of  my  first  tibials  : 
the  density  given  in  my  first  Note  was  9-385  at  25°. 

M.  Alexejeff,  engineer,  has  undertaken  the  determination  of  the 
equivalent  of  davyum ;  but  as  the  quantity  of  the  metal  which  I 
possess  is  very  trifling,  accurate  results  are  very  difficult  to  obtain. 
Some  preliminary  experiments  have  shown  that  the  equivalent  is 
above  100,  and  probably  not  far  from  150-154. 

An  additional  quantity  of  platiniferous  sand  which  will  be  placed 
at  our  disposal  will  give  a  sufficient  supply  of  the  new  metal  for 
fresh  experiments  ;  we  expect  to  ha^ve,  in  a  little  time,  about  1-2 
gramme  of  davyum. — Oomptes  Mendiis  de  VAcademie  des  Sciences, 
October  1,  1877,  tome  Ixxxv.  pp.  023,  624. 


THE  GAMUT  OF  LIGHT.      BY  PLINY  EARLE  CHASE. 

In  accordance  with  a  suggestion  of  Dr.  Henry  Draper,  that  I 
should  test  some  of  my  views  by  the  spectral  lines,  I  have  under- 
taken a  preliminary  investigation,  with  the  following  result. 

In  the  harmonic  progression,  -, ,  —  ,&c.,  letc=wave- 

■^  n    n-\-a    n-\-2a 

length  of  Fraunhofer  line  A,  =761-20  millionths  of  a  millimetre; 

w=l-015,  rt=-0918,  and  we  find  the  following  accordances: — 


Numerator. 

Denominators. 

Quotients. 

Observed. 

Kii-clihoft'. 

761-20 

n-\-a 

687-75 

687-49  B 

592-7 

n  +  2a 

635-07 

634-05 

783-8 

n-{-3a 

589-89 

589-74Dy 

1005-1 

n  +  4a 

550-72 

550-70 

1306-6 

n-\-5a 

516-42 

517-15 

1655-6 

rt  +  6rt 

486-14 

486-52  F 

2080-0 

n-\;7a 

459-22 

458-66 

2436-5 

n  +  8« 

435-12 

435-67 

2775-7 

n  +  9a 

413-43 

? 

? 

n  +  lOa 

393-79 

393-59  H' 

H' 
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The  "observed"  values  are  the  wave-lengths,  as  cletenniiied  by  Dr. 
Wolcott  Gibbs  ( Amer.  Jour.  Sci.  [2J  xliii.  p.  4),  of  the  correspond- 

ing  lines  on  Kirchhoff's  scale.     It  seems  likely  that  -  may  be  a 

bright  line,  and  thus  belong  to  the  new  field  of  investigation  which 
Dr.  Draper  has  opened  by  his  pap(;r  on  the  discovery  of  oxygen  in 
the  sun.  The  doubtful  line  (?)  is  midway  between  KirchholFs  line 
280y-7=43()-37,  and  ir=:i97vl(). 

As  alternate  phmets  in  the  solar  system,  so  alternate  Fraunhofer 
lines  appear  to  obey  the  simplest  law,  intermediate  values  being 
governed  by  laws  of  mutual  equilibrium.  The  figurate  symmetry 
of  the  denominators  for  those  alternate  lines  («  +  «,  n-\-'3a,  n  +  Qa, 
u-flOrt)  is  specially  noticeable,  and  suggestive  of  my  equation  be- 
tween the  principal  plan(»tary  masses  : — 

(Neptune)'  x  (Uranus)^  x  (Jupiter)"  x  (Saturn)~^"=  1. 

Ilaverford  College, 
August  23,  1877. 

ON  THE  FLUOHESCENCE  OF  THE  LIVING  RETINA. 
BY  M.  VON  BEZOLD  AND  DR.  G.  ENGELHARDT. 

Studies  on  the  laws  of  colour-mixture,  some  years  since,  sug- 
gested to  one  of  us  the  question  M-heiher  the  fluorescence  observed 
by  Ilelmholt//*,  and  afterwards  by  Hetschenow  t,  in  the  dead  retina 
could  not  also  be  demonstrated  in  the  living  structure.  Experi- 
ments made  at  that  time,  however,  gave  no  result,  but  rather  led 
to  the  conviction  that  the  solution  of  this  problem  would  be  possible 
only  in  conjunction  with  an  ophthalmologist. 

Intei'est  in  this  subject  was  awakened  afr(?sh  by  the  path-opening 
discoveries  of  Boll  and  Kiihne,  since  through  them  all  inferences 
from  the  dead  to  the  living  retina  must  appear  in  the  highest  degree 
doubtful.  This  induced  us  to  attack  the  investigation  jointly,  the 
results  of  which  are  communicated  in  the  following. 

Before  all  things  it  seemed  requisite  to  observe  ophthalmoscopi- 
cally  the  retinal  picture  of  a  spectrum,  and  then  to  try  if  it  could 
be  displaced  so  far  behind  the  pupillar  margin  that  at  last  we 
should  have  before  us  the  retina  iiv  ultra-violet  illumination  only. 
To  this  end  the  fan  of  coloured  rays  issuing  from  the  prism  was 
received  by  the  speculum  so  near  that  the  whole  of  it  fell  upon  the 
latter.  Then,  by  a  siutable  choice  of  distances  and  of  the  lenses 
employed  (the  observations  were  always  made  on  the  inverted 
magnified  picture),  it  was  possible  to  produce  on  the  retina  so  small 
a  picture  of  the  spectrum  that  the  whole  of  it,  or  at  least  the 
greatest  part,  could  be  viewed  simultaneously. 

The  result  was  a  very  surprising  one,  and,  although  at  the  com- 
mencement neither  sun-light  nor  quartz  prisms  were  employed, 
already  contaiued  in  itself  the  wished-for  issue,  which,  it  is  true, 
had  then  to  be  rendered  perfectly  capable  of  demonstration  by 
varying  and  perfecting  the  experiments. 

The  retinal  picture  of  a  spectrum  shows,  namely,  |ttculiarities 

*  Poggendorn's  Annalcn,  vol.  xciv.  p.  205. 
t  Arch.  f.  Ophih.  vol.  v.  p.  20o. 
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which  are  conditioned  partly  by  the  absorption-phenomena  of  the 
blood,  and  in  part  by  fluorescence.  The  aspect  of  this  pictui*e  is 
extremely  beautiful.  While  the  retinal  background  shows  the 
picture  of  the  spectrum  in  the  usual  manner,  the  vessels  stand  out 
in  very  various  colouring :  shown  upon  the  red  background  only 
by  a  somewhat  intenser  tint,  in  the  orange  almost  absolutely  un- 
recognizable, they  appear  in  the  green  deep  black  in  wonderfully 
sharp  outline,  but  in  the  blue  in  a  dark  brown-yellow  tint,  which 
becomes  in  the  violet  a  dark  red-brown.  In  the  orange  they  are 
so  feebly  prominent  that  one  might  think  they  were  filled  with 
water,  while,  on  the  contrary,  at  the  commencement  of  the  green 
they  become  suddenly  as  black  as  if  they  contained  ink ;  and  this 
leap  from  the  one  into  the  other  tint  takes  place  in  such  a  striking 
manner  that  they  appear  almost  as  if  cut  off.  As  is  well  known, 
in  feebly  luminous  spectra  pure  yellow  is  not  perceptible  ;  we 
know,  however,  from  experiments  on  the  absorption  of  blood  that 
it  commences  in  the  region  of  Eraunhofer's  line  D,  and,  indeed,  a 
little  preceding  it,  as  follows  from  the  fact  that  the  vessels  when 
illuminated  with  the  light  of  sodium  are  likewise  seen  black. 

Accordingly,  as  far  as  into  the  green  the  phenomenon  described 
corresponds  closely  to  what  might  have  been  expected  from  the 
absorption-spectrum  of  blood. 

In  the  blue,  however,  in  the  region  of  the  line  F,  things  are 
changed.  If  we  had  here  to  do  with  absorption-phenomena  only, 
the  vessels  would  of  necessity  be  marked  similarly  as  in  the  red — 
that  is,  merely  by  a  difference  of  brightness  — although  somewhat 
more  sharply  ;  we  might  then  expect  merely  darker  blue  vessels 
upon  a  moderately  bright  ground.  Instead  of  this,  they  appear  in 
a  yellowish  brown  tone,  reminding  one  of  very  dark  ochre,  while 
in  the  violet  they  show  a  decided  tendency  to  red,  somewhat  like 
rusty  iron. 

This  phenomenon  can  only  be  explained  by  fluorescence  of  the 
underlying  retina ;  and  thus  the  vessels  of  the  retina  furnish  the 
finest  test  of  the  presence  of  fluorescence. 

At  the  first  instant,  one  might  indeed  think  that  the  phenomenon 
was  one  of  contrast ;  but  a  somewhat  closer  consideration  teaches 
us  that  this  supposition  is  here  inadmissible.  For,  in  the  first 
place,  one  could  not  perceive  why  the  phenomenon  should  be  absent 
from  the  green,  which  yet  we  know  to  be  specially  apt  to  call  forth 
contrast-phenomena ;  and  then  the  colour  of  the  vessels  would 
necessarily  approach  yellow-green  from  the  blue  to  the  violet, 
while,  on  the  contrary,  the  dark  brown  of  the  vessels  passes  over 
into  red-brown  in  this  region  of  the  spectrum. 

Moreover  fluorescence  of  the  blood  itself  cannot  be  the  cause, 
since  we  at  least  have  not  succeeded  in  discovering  in  blood  a  trace 
of  fluorescence  ;  besides,  it  would  be  extremely  improbable  that, 
in  transmitted  light,  red  blood  should  show  red  fluorescence. 

Just  as  little  can  the  cause  be  sought  in  diffused  light  that  in 
some  way  has  penetrated  into  the  eye,  or,  in  any  case,  find  its  origin 
in  the  fluorescence  of  the  cornea  or  the  lens ;  for  such  light  must 
show  its  action  equally  in  the  green  portion  of  the  spectrum — nay, 
there  in  increased  measure,  since  the  contrast  must  sharpen  the 
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impression*.  Moreover  fluorescence-light  issuing  from  parts  of 
the  eye  situated  hi  front  of  the  vessels  of  the  retina  could  not  but 
make  itself  perceptible,  even  in  viewing  Purkinje's  figure  in  mono- 
chromatic illumination — which,  according  to  our  observations,  is 
not  the  case. 

The  peculiar  brown  and  red-brown  colouring  of  the  retina-vessels 
in  the  blue  and  violet  parts  of  the  spectrum,  can  consequently  be 
explained  only  by  fluorescence  of  the  retina  situated  behind  them  ; 
indeed  the  commencement  of  it  must  be  sought  in  the  same  place 
in  which  it  was  found  by  Ilelmholtz  in  the  dead  retina. 

Although,  according  to  what  has  just  been  said,  the  fluorescence 
of  the  living  retina  has  already  been  proved  by  this  one  experiment, 
yet  we  were  not  willing  to  rest  satisfied  with  this,  but  to  pursue 
the  matter  still  further  in  different  directions,  in  order  thus  to 
procure  further  material  of  proof.  In  the  first  place  we  endeavoured 
to  imitate  the  phenomena  seen  upon  the  retina ;  for  we  brought  a 
capillary  tube  filled  with  blood-solution  before  a  spectrum  projected 
upon  a  surface.  Here  also  exactly  the  same  phenomena  were  seen 
in  the  red,  orange,  yellow,  and  green,  in  the  blue  and  violet  like- 
wise when  the  screen  fluoresced  in  these  colours.  It  is  true  that 
here  the  slightest  trace  of  fluorescence  is  perceived,  so  that  even 
white  paper  permits  it  to  be  distinctly  recognized ;  and  the  colour 
of  the  tube  before  such  a  screen  reminded  one,  in  all  parts,  of  the 
blood-vessels  on  the  retina ;  that  here,  however,  we  had  in  fact  to 
deal  with  the  light  of  fluorescence  which  issued  from  the  screen 
was  strikingly  shown  by  this — that  the  brown  and  reddish  colouring 
of  the  capillary  tube  totally  vanished  when  the  screen  was  removed 
80  that  the  black  space  of  the  dark  room  served  as  background,  and 
that  it  came  up  much  more  decidedly  when  for  the  white  paper 
screen  one  coated  with  platinicyanide  of  barium  or  other  fluorescent 
substances  was  substituted.  These  experiments  convinced  us 
that,  in  a  transparent  coloured  substance  held  before  another  body 
serving  as  projection-surface  for  a  spectriun,  we  possess  an  ex- 
tremely sensitive  means  for  the  recognition  of  traces  of  fluorescence. 
Whenever  this  test  substance,  in  a  part  of  the  spectrum  in  which 
it  when  alone  does  not  permit  its  natural  colour  to  be  recognized, 
shows  it  if  there  is  a  body  behind  it,  this  must  be  the  result  of 
fluorescence-light  emitted  from  the  latter  body. 

Shadow- streaks  were  also  called  forth  in  a  projected  spectrum, 
in  order  to  distinguish  with  complete  certainty  the  influence  which 
contrast-phenomena  might  possibly  in  any  case  exert  upon  the 
observation.  The  conclusion  was,  that  the  colour  of  the  retina- 
vessels  observed  in  the  blue  and  the  violet  is  in  no  case  the  con- 
sequence of  phenomena  of  contrast. 

After  settling  this  more  physical  side  of  the  matter,  the  question 
now  was,  to  further  extend  the  ophthalmoscopic  investigations  and 
vary  them  in  divers  ways ;  for  the  method  above-mentioned,  in 
which  the  entire  fan  of  coloured  rays  is  taken  up  by  the  speculum 
and  a  minute  spectrum  is  thrown  upon  the  retina,  is  not  free  from 

♦  With  very  intense  illumination  this  kind  of  light  actually  does  appear 
to  assert  its  influence ;  and  on  this  account  moderate  illumination  of  the 
retina  is  to  be  preferred. 
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the  objection  that  iu  this  way  a  perfectly  pure  spectrum  is  with 
difficulty  obtained.  It  almost  needs  a  lucky  accident  for  the  posi- 
tion of  the  lenses  and  the  accommodation  of  the  eyes  to  cooperate 
so  favourably  that  the  eye  observed  sees  distinctly  the  Fraunhofer  s 
lines  at  the  same  instant  in  which  the  observer  has  the  background 
of  the  eye  sharply  befoi-e  him.  Now,  although  a  slight  deviation 
from  perfect  purity  cannot  do  much  harm  when  the  blood-vessels 
are  made  use  of  as  a  criterion  of  fluorescence,  and  consequently  the 
mere  superficial  judgment  of  the  observer  is  enough  for  the  attain- 
ment of  sufficient  purity,  yet  it  was  still  desirable  to  entirely 
obAaate  the  objection  mentioned.  This  was  done  in  the  following 
manner : — 

By  means  of  a  large,  powerfully  dispersing,  direct- vision  prism, 
a  spectrum  was  projected  of  40-50  ceutims.  length.  The  observer 
now  repaired  to  the  region  of  the  image-plane,  and  caught  with 
the  speculum  now  this,  now  that  sort  of  rays,  so  that  the  observed 
eye  was  successively  illuminated  with  nearly  monochromatic  light 
of  various  degrees  of  refraugibility. 

The  colour  of  the  vessels  appeoj.'ed  every  time  exactly  as  it  did 
with  the  method  above  described — and,  indeed,  not  only  with  the 
brown  rabbit  usually  made  use  of  for  the  experiments,  but  also 
with  man. 

This  mode  of  investigating  is  much  more  convenient  than  the 
above-described  ;  but  it  involves  the  impossibility  of  seeing  all  the 
phenomena  at  one  view. 

At  first  all  the  experiments  were  made  with  lenses  and  prisms 
of  glass,  and  partly,  indeed,  using  only  a  skioptikon  as  the  source 
of  light.  It  now  appeared  desirable  to  repeat  them  with  quartz 
lenses  and  prisms,  when,  of  course,  sunlight  was  employed  ;  but 
herein  it  was  not  possible  to  use  the  second  mode  of  observation, 
since  the  spectrum  could  not  be  rendered  sufficiently  large.  On 
this  account  we  were  compelled  always  to  project  a  somewhat 
larger  portion  of  the  spectrum  upon  the  retina. 

The  results  were  in  general  the  same  as  those  above  described  ; 
only  the  brown-i"ed  colouring  of  the  blood-vessels  came  out  more 
A^ividly  than  when  glass  apparatus  was  employed  (the  speculum, 
however,  and  the  lenses  belonging  to  it  were  still  of  glass) ;  and, 
finally,  it  was  in  this  case  possible  to  trace  the  phenomenon  as  far 
as  into  the  ultra-violet.  After  the  entire  visible  spectrimi  was  inter- 
cepted, heiny  gradually  hrouyht  to  vanishing  behind  the  pupillary 
margin,  so  that  only  tdtra-violet  rays  fell  iipon  the  retina,  the  vessels 
of  the  retina  appeared  in  a  decidedly  reddish  tone  upon  a  dirty  grey- 
brown  ground. 

To  sum  up,  by  these  observations  it  appears  to  us  demonstrated 
that  the  living  retina  also  does  actually  fluoresce,  and  under  the  influ- 
ence of  the  same  rays  ivhich  Helmholtz  had  already  recognized  as 
exciting  fluorescence  in  the  dead  retina. 

As  a  mark  of  fluorescence  the  colour  of  the  retina- vessels  served, 
which  in  blue,  violet',  and  ultra-violet  light  approached  more  and 
more  to  the  natural  colour  of  the  blood — a  fact  only  to  be  accounted 
for  by  fluorescence  of  the  layers  situated  behind  them. — Berichte  d. 
huier.  Akad.,  math.-phijs.  Classe,  July  7,  1877. 
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LV.  On  the  Thennal  Conductiviti/  and  Diathermancy/  of  Air 
and  Hydrogen.  Bij  Dr.  Henry  Buff,  Professor  of  Physics 
in  the  University  of  Giessen*. 

MORE  tlian  fourteen  years  ago  Magnus  published  expe- 
rimental researches  t,  the  results  of  which  led  him  to 
conchide  that  hydrogen  possesses  a  thermal  conductivity  re- 
sembling that  of  the  metals.  This  conclusion,  though  not 
entirely  unobjected  to,  has  since  passed  into  most  physical 
textbooks. 

Doubts  as  to  the  correctness  of  this  assumption  have  of 
course  no  reference  to  the  capacity  possessed  by  hydrogen,  as 
well  as  other  gases,  of  conducting  heat  in  a  small  degree  inde- 
pendent of  accompanying  currents.  These  doubts  also  are  not 
removed  by  the  ol)servations  of  Kundt  and  Warburg  |,  which 
prove  the  thermal  conductivity  of  hydrogen  to  be,  indeed,  con- 
siderably greater  than  that  of  other  gases  ;  for  this  is  quite  pos- 
sible without  assuming  that  the  conducting-power  of  hydro- 
gen approximates  as  nearly  to  that  of  the  metals  as  Magnus 
thought  necessary  to  assume,  in  order  to  explain  such  pheno- 
mena as  the  incandescence  of  platinum  wire,  first  observed  by 
Grove.  True,  Magnus  did  not  think  himself  justified  in  sup- 
posing that  in  this  experiment  a  greater  decrease  of  the  tem- 
perature of  the  platinum  wire  in  the  hydrogen  was  caused  by 
a  more  rapid  current  of  the  gas,  "'  It  is  not  evident,"  he  said, 
"  why  currents,  produced  by  differences  of  temperature,  should 

*  Communicated  by  the  Author. 

t  Pogg.  Ann.  Bd.  cxii.  S.  497.     [Phil.  Mag.  July  1861,  p.  1.] 

t  Ibid.  Bd.  civ.  S.  337.     [Phil.  Mag.  July  1875,^.  53.] 
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be  stronger  in  hydrogen  than  in  other  gases/'  Such  difference 
in  the  behaviour  of  air  and  hydrogen,  apart  from  the  greater 
mobility  of  the  latter,  could  not  possibly  exist,  if  the  two  gases 
(equal  volumes  of  which,  at  the  same  pressure,  have  the  same 
specific  heat)  possessed  also  equal  thermal  conductivity  and 
equal  diathermancy. 

Designating  the  weight  of  v  cub.  centims.  of  a  gas  as  usual 

by 

273 . vbd 

^      1000.760(273  +  0' 

where  d  is  the  weight  of  1000  cub.  centims.  at  0°  and  760 
millims.  pressure,  b  the  tension,  and  t  the  temperature,  then 
the  difference  of  weight,  or  the  upward  pressure  of  v  cub. 
centims.  of  this  gas,  which  in  the  cooler  medium  at  t  has  risen 
to  the  higher  temperature  t',  will  be 

273vbd    f     1 1       \        273rbd     .  t'-t 

1000.  760^73 +  «     27  3  +  tO  ~  1000.  7  60  '  {2Td  +  t){27  3  + 1') 

This  gives  the  quotient  of  the  upward  pressure  through  the 
mass,  and  consequently  the  acceleration 

273  + 1 ' 

If,  therefore,  different  gases  obtain  equal  accelerations  for 
the  same  difference  of  temperature  t'  —  t,  this  ceases  to  be 
the  case  as  soon  as  a  change  in  the  difference  of  temperature 
takes  place.  But  this  latter  must  always  happen  if  the  spe- 
cific heats  of  any  two  gases,  and  more  especially  their  capaci- 
ties of  absorbing  or  losing  heat  in  contact  with  solid  bodies, 
are  not  the  same.  So  far,  then,  there  is  no  need  of  assuming 
a  metal-like  conductivity  of  hydrogen,  in  order  to  explain 
the  more  rapid  abstraction  of  heat  by  this  gas.  It  is  sufficient 
to  know  that,  though  a  bad  conductor,  its  conducting-power 
is  supei'ior  to  that  of  other  gases. 

Magnus's  own  experimental  results  appear  to  us  much  more 
favourable  for  his  hypothesis.  The  apparatus  he  employed 
was  essentially  as  follows  *  : — Onto  a  cylindrical  vertically 
placed  vessel  of  thin  glass  56  millims.  in  diameter  and  160 
millims.  in  height,  there  was  fused  another,  open  glass  cylinder 
of  equal  diameter,  but  of  only  100  millims.  height,  in  such  a 
manner  as  to  separate  both  vessels  by  only  a  thin  glass  plate. 
Through  the  cork  which  closes  the  lower  opening  of  the  cylin- 
drical vessel  pass  two  glass  tubes  provided  with  stopcocks,  by 
means  of  which  the  vessel  may  be  tilled  with  air  or  any  other 
gas  at  any  desirec]  pressure.  About  50  millims.  below  the 
separating  plate  is  a  tubulature  for  the  insertion  of  a  ther- 
•  Phil.  Mag.  [IV.]  vol.  xxii.  p.  5,  pi.  i. 
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mometer  fixed  in  a  horizontal  position.  The  upper  vessel  is 
filled  with  boiling  water,  which,  during  the  cxperini(>nt,  is  kept 
in  ebullition  ])y  the  introduction  of  steam.  To  keep  the  sur- 
rounding medium  at  as  constant  a  temperature  as  possible, 
ihQ  apparatus  is  placed  in  a  beaker,  and  this  again  in  a  second 
beaker  filled  with  water  of  a  constant  temperature  to  the  height 
of  the  boiling  water  in  the  inner  vessel. 

In  order  to  diminish  radiation  as  far  as  possible,  a  cork  disk, 
or  a  thin  silvered  copper  plate,  was  placed  as  a  screen  above 
the  bulb  of  the  thermometer.  But  the  desired  object  was  very 
imperfectly  attained  in  this  way ;  for  the  thermometer  stood 
8  deo-rees "higher  than  that  indicating  the  temperature  of  the 
water  in  the  outer  beaker,  even  when  the  air  was  almost  en- 
tirely exhausted.  On  allowing  air  to  ent(>r,  this  rise  of  tem- 
perature diminisli(;d  more  and  more  with  the  increase  of  pres- 
sure, thus  i)roving  that,  as  in  solid  and  liquid  bodies,  the  heat- 
rays  are  partially  absorbed  by  their  passage  through  air. 
Conductive  motion,  if  such  existed,  was  masked  by  the  stronger 
ettect  of  radiation. 

Similar  results  were  obtained  by  Magnus  with  a  great 
number  of  other  gases  investigated  by  him.  With  hydrogen, 
on  the  contrary,  he  found  that  the  temperature  increases  with 
the  increase  of  density ;  and  even  at  ordinary  atmospheric 
pressure  it  has  a  greater  diathermancy  than  a  vacuum. 

It  was  more  especially  on  account  of  this  behaviour  that 
Mafnius  inferred  the  similarity  of  hydrogen  to  the  metals  as 
regards  the  conducting-power. 

A  more  minute  and  careful  investigation  of  the  above  method 
led  me,  however,  to  a  different  conclusion,  and  eventually  to 
a  renewed  experimental  investigation. 

My  apparatus  is  similar  to  that  used  by  Magnus,  with  such 
alterations  as  seemed  to  me  a})pro[)riate.  My  object  being  to 
study  the  conductive  power  of  gases,  other  infiucnces  being 
excluded  (such  as  the  effect  of  radiating  heat  &c.),  a  brass 
cylinder,  instead  of  that  of  glass  in  Magnus's  apparatus,  was 
cemented  air-tight  upon  the  glass  vessel.  The  bottom  of  the 
cylinder  facing  the  thermometer  is  a  polished  clean  metallic 
surface  ;  a  double  wall  surrounds  it,  the  space  between  being 
filled  with  cotton-wool  to  prevent  too  rapid  cooling.  The 
glass  cylinder  is  20  centims.  high  and  7-5  centims.  in  dia- 
meter ;  its  lower  edge  is  ground  so  as  to  fit  air-tight  onto  the 
plate  of  an  air-pump.  Through  the  plate  (of  the  air-pump) 
pass  two  wires,  one  of  iron  and  the  other  of  Grerman  silver,  and 
extend  vertically  almost  to  the  bottom  of  the  brass  cylinder, 
where  they  are  soldered  together.  At  the  junction  both  wires 
are  flattened  to  12*5  millims.  width,  and  thus  form  a  flat 
arc  whose  centre  was,  in  the  first  experiments,  only  23  mil- 
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lims.  below  the  metal  plate.  The  two  exterior  ends  of  the 
wires,  near  each  other  but  well  insulated,  are  connected  by 
means  of  copper  wires  with  an  astatic  galvanometer.  Both 
are  surrounded  by  a  thick  covering  of  cotton-wool  to  protect 
them  against  sudden  alterations  of  temperature. 

The  substitution  of  a  thermoelectric  pile  for  the  mercurial 
thermometer  has  in  the  first  place,  like  the  metal  plates  of  the 
brass  cylinder,  the  object  of  diminishing  the  influence  of  ra- 
diation ;  but,  besides  that,  it  is  more  sensitive  to  thermal  influ- 
ences than  the  latter,  on  account  of  the  adjustment  of  the  sol- 
dered junction. 

In  the  first  experiments  a  strip  of  silver  was  placed  above 
the  soldered  junction  as  a  screen  to  protect  it  from  radiation  ; 
but  in  later  experiments,  on  finding  this  precaution  super- 
fluous, it  was  removed.  Magnus  had  found  that  the  advan- 
tage he  had  expected  to  dei'ive  from  the  use  of  the  screen  was 
more  than  counterbalanced  by  the  screen  itself  becoming  warm 
and  comnmnicating  heat  to  the  sides  of  the  vessel.  This  I 
found  to  be  the  case  in  my  experiments  also. 

The  whole  apparatus  is  surrounded  by  a  wider  glass  cylinder, 
the  ground  edge  of  which  fits  onto  the  plate  of  the  air-pump. 
The  space  between  this  outer  cylinder  and  the  apparatus  can 
therefore  be  filled  with  cold  water.  I,  however,  like  Magnus, 
did  not  at  first  use  the  cooling  arrangement. 

The  very  first  experiments  disclosed  a  source  of  error,  which 
had  to  be  eliminated.  The  hot  water  in  the  brass  cylinder  not 
only  heated  the  junction  of  the  thermoelectric  pile  and  the  air 
surrounding  it,  but  also,  very  probably  to  a  higher  degree, 
the  sides  of  the  glass  cylinder,  both  by  conduction  and  radia- 
tion. The  increase  in  temperature  was  perceptible  even  to 
the  touch,  and  extended  to  below  the  level  of  the  soldered 
junction. 

It  is  thus  evident  that  a  current  of  gas  ascends  along  the 
sides  of  the  glass,  and  hence  the  experiments  were  useless,  as 
far  as  the  question  of  the  conductivity  of  the  gases  is  concerned. 

Magnus  had  certainly  noticed  this  influence  of  the  heated 
sides  of  the  glass  cylinder  ;  but  he  probably  failed  to  appreciate 
its  importance,  inasmuch  as  by  his  method  of  observation  the 
sides  of  the  cylinder  were  not  accessible*. 

I  had  hoped  to  eliminate  this  error  by  abbreviating  the  du- 
ration of  the  experiment.  Magnus  maintained  during  the 
whole  experiment  the  temperature  of  the  heating-vessel  at  the 
boiling-point  by  the  introduction  of  steam.  As  the  mercury 
thermometer  required  from  20  to  40  minutes  to  reach  its 
maxinmm,  it  is  evident  that  the  heat  had  ample  time  to  extend 
through  the  whole  apparatus. 

•  Compare  the  drawing  of  his  at.;^iratus  in  Phil.  Mag.  vol.  xxii.  pi.  i. 
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I  had  observed  that,  if  the  hot  liquid  in  the  brass  vessel  was 
allowed  to  cool  freely,  the  astatic  needle  nevertheless  after 
some  time  assumed  a  maximum  deflection,  indicating  a  state 
of  equililn-ium  between  the  influx  and  loss  of  heat.  It  is 
known  that  tolerably  strong  deflections  of  the  needle  of  a 
highly  sensitive  galvanometer  correspond  to  but  slight  altera- 
tions of  temperature  at  the  soldered  junction.  If,  therefore, 
we  know  the  temj)erature  of  the  brass  vessel  (or  rather  that  of 
its  bottom)  at  the  conunencement  of  the  experiment,  and  the 
temperature  of  its  fluid  contents  for  which  the  deflection  of 
the  needle  is  greatest,  then  the  thermal  equilibrium,  upon 
which  the  highest  temperature  at  the  soldered  junction  de- 
pends, must  be  very  nearly  j)roportional  to  the  difference  of 
those  two  temperatures  of  the  brass  vessel,  at  least  so  long 
as  the  thermal  differences  are  small. 

Accordingly  the  brass  vessel,  at  the  commencement  of  the 
experiment,  was  fllled  with  water  at  such  temperature  that  the 
needle  ])ointed  to  0°  and  remained  stationary.  This  having 
been  effected,  part  of  the  cold  water  was  taken  out  and  replaced 
by  hot  water ;  the  temperature  of  the  mixture  was  observed, 
and  simultaneously  the  time  of  pouring  in  was  noted.  The 
temperatures  were  taken  by  a  thermometer  whose  bulb  was  in 
contact  with  the  bottom  of  the  brass  vessel. 

The  follovvino;  Table  gives  the  chief  results  of  some  of  the 
experiments  carried  out  in  this  manner.  The  figures  m  the 
column  marked  T  record  for  each  of  the  stated  gases  the  tem- 
peratures of  the  water  : — first,  at  the  commencement  of  the  ex- 
periment ;  secondly,  after  mixing  the  hot  and  the  cold  water; 
and.  thirdly,  at  the  moment  when  the  deflection  of  the  needle 
was  at  its  maximum.  The  differences  between  the  first  and 
third  figures  are  given  under  t ;  whilst  t  shows  the  greatest 
corresponding  deflections,  whose  real  and  comparable  values 
are  placed  in  brackets  underneath  them.  These  values  were 
determined  by  a  method  described  in  a  former  paper  *.  I  do 
not  venture  to  ascribe  to  them  a  higher  im])ortance  than  that 
of  approximations  merely,  inasmuch  as  for  deflections  of  the 
needle  exceeding  40°  the  diftercnces  between  the  observed  and 
calculated  values  become  far  too  great  to  warrant  correctness 
within  a  few  degrees.  The  figures  under  z  express  in  minutes 
the  time  from  the  beginning  of  the  experiment  until  the  junc- 
tion reached  its  maximum  temperature.  The  tension  of  the 
gases  in  the  interior  of  the  glass  cylinder  is  given  in  milli- 
metres under  j) ;  and,  finally,  the  last  colunm  contains  compa- 
rable values  expressing  the  intensity  of  the  thermal  action  on 
the  junction. 

•  Pogg.  Ann.  Bd.  civ.  S.  98. 
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Table  I. 


Dry  air 


Air-vacuiuu(approx. ) 


19-8 
56-0 
47-7 

18-4 
54-6 

47-0 

22-5 


(-22-, 

Hydrogen  M  57-5 

1  [50-5 


Earefied  hydrogen . 


r23-o 

{  580 
[52-1 


27-9 


28-6 


280 


29-1 


T. 

z. 

f- 

lOOr 

t    • 

0 

0 

760 

50-5 

(99-25) 

22 

— 

358-6 

0 

0 

15 

480 

(88-5) 

15 

— 

309-5 

0 

0 

760 

57-8 
(130-6) 

17 

— 

466-4 

0 

0 

5 

53-0 
(110-0) 

14 

— 

378-0 

Air  as  well  as  hydrogen,  before  being  introduced  into  the 
apparatus,  was  passed  slowly  through  a  tube  40  centims.  long, 
filled  with  well-dried  calcium  chloride ;  and  a  beaker  filled  with 
calcium  chloride  was  placed  in  the  glass  cylinder. 

The  results  of  these  experiments  are,  as  far  as  hydrogen  is 
concerned,  the  same  as  those  obtained  by  Magnus,  viz.  that 
the  denser  hj^drogen  is  more  diathermanous  than  the  rarefied. 
Air,  however,  shows  the  same  property,  the  cause  of  which 
becomes  clear  on  studying  the  course  of  the  experiments. 

After  the  greatest  deflection  of  the  needle  had  been  reached, 
it  remained  ahnost  constant  for  30  minutes  or  more,  although 
the  temperature  of  the  hot  water  continually  decreased.  The 
decreasing  supply  of  heat  from  this  source  had  therefore  to  be 
made  up  in  some  other  way.  By  suddenly  cooling  the  contents 
of  the  brass  vessel  by  means  of  ice,  the  influence  on  the  needle 
was  perceptible  only  after  the  lapse  of  several  minutes.  Evi- 
dently the  temperature  of  the  junction  had  become  more  and 
more  dependent  on  the  thermal  condition  of  the  sides  of  the 
cylinder.  Inasmuch  as  the  conductivity  of  glass  is  not  great, 
it  is  easily  conceivable  how  the  temperature  of  those  parts  of 
the  cylinder  at  a  distance  from  the  heating  vessel  continued 
to  rise,  although  the  temperature  of  the  water  had  already 
considerably  decreased.  Under  these  conditions  the  thermo- 
meter must  have  received  numerous  heat-rays  from  the  sides 
of  the  cylinder,  and  upward  currents  of  gases  nmst  have  been 
produced  Avhenever  the  glass  cylinder  was  filled  with  gas. 

The  results  of  the  experiment  nmst  therefore  remain  doubt- 
ful as  long  as  no  care  is  taken  to  prevent  the  heating  of  the 
walls  of  the  vessel  intended  to  receive  the  thermopile. 
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In  the  subsequent  experiments,  the  annular  space  between 
the  inner  and  outer  glass  cylinder  was  filled  with  water,  at  the 
temperature  of  the  room,  up  to  within  7  millims.  of  the  bottom 
of  the  brass  vessel. 

The  effect  of  this  alteration  became  at  once  apparent :  the 
deflections  of  the  needle  became  less  ;  and  the  maximum  effect 
was  more  quickly  attained.  I  give  as  illustration  of  this  the 
following  series  of  experiments  : — 

Table  II. 


T. 

;;. 

T. 

z. 

T- 

100  r 

t    ' 

Dry  air  

(  109 
38-3 

[340 

231 

0 
20-5 

0 
12 

739-5 

88-7 

Air- vacuum   

f  12-8 
i  41-5 

[37-1 

24  3 

0 

31  0 

(35-15) 

0 
65 

15 

144-6 

Hyclrogen-vacuuiu  ,. 

rii-8 

{  40-5 
[38-4 

26fi 

0 

38*0 
(50-45) 

0 

7 

734-3 

1900 

Rarefied  hydrogen.. 

r  12-6 
\  41-0 
[  36-9 

243 

0 

360 

(45-5) 

0 
6-5 

1-5 

187-2 

After  removing  the  strip  of  silver  intended  to  serve  as  screen 
for  the  junction  of  the  thermopile,  the  following  figures,  but 
slightly  differing  from  the  previous  ones,  were  obtained: — 


Table  III. 

T. 

t.               r. 

z. 

T- 

lOOr 

t    ' 

Dry  air  

r  115 

\  40-3 
[35-1 

236 

0 

215 

(21-63) 

0 
9 

745-5 

916 

[12  1 

— 

0 

0 

1-5 

Air-yacuum    

^39-8 
[34-5 

223 

32  0 

(36-9) 

11 

— 

165-5 

Dry  hydrogen    

rii-2 

\  41-2 
[37-0 

25-8 

0 

42-0 

(62-6) 

0 
6 

7490 

2426 

Hydrogen- vacuum  .. 

ri2-3 

]39-5 

[35-7 

23-4 

0 

340 

(41-2) 

0 
6 

1-5 

175-8 
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A  comparison  of  the  two  Tables  shows  that  the  effects  upon 
the  junction  were  somewhat  greater  on  the  removal  of  the 
screen,  but  they  did  not  alter  essentially.  Since  the  screen 
appeared  thus  superfluous,  and  might  even  have  disturbed  the 
uniformity  of  the  experiments,  it  was  henceforth  emitted. 

The  propagation  of  heat  in  air,  which  at  first  had  exceeded 
that  in  vacuum,  upon  cooling  by  water  considerably  fell  below 
the  latter.  Now,  since  the  thermal  motion  in  strongly  rarefied 
air  could  essentially  be  caused  only  by  radiation,  it  follows 
that  air  of  atmospheric  density  must  exercise  a  considerable 
absorptive  power  on  such  rays  as  have  proceeded  from  a  source 
of  moderate  temperature.  In  the  first  experiments,  when  no 
cooling-water  was  used,  this  property  of  air  must  have  been 
concealed  by  the  upward  currents  conveying  heat  to  the 
soldered  junction.  But  the  same  disturbing  influence  must 
have  manifested  itself  in  the  experiments  with  hydrogen,  and 
favoured  the  passage  of  heat  through  this  gas,  independently 
of  its  supposed  conductivity. 

The  last  two  series  of  experiments  likewise  show,  notwith- 
standing the  use  of  the  cooling-water,  an  accelerated  thermal 
motion  in  hydrogen,  as  Magnus  had  found,  which  led  him  to 
infer  the  metal-like  conductivity  of  that  gas.  It  was,  however, 
remarkable  (and  this  was  noticed  in  several  experiments  the 
results  of  which  closely  agreed)  that  just  when  free  circulation 
of  the  gas  was  most  impeded,  viz.  when  the  screen  was  used, 
the  difference  between  the  passage  of  the  heat  on  the  one  hand 
through  dense  hydrogen,  on  the  other  hand  through  rarefied 
hydrogen,  was  found  to  be  least.  But  other  circumstances  led 
me  to  suppose  that,  even  with  the  cooling  water,  currents  were 
not  entirely  prevented  during  the  experiments. 

The  return  of  the  needle  from  maxinmm  towards  zero  by  no 
means  corresponded  to  the  decrease  in  the  temperature  of  the 
water.  Indeed,  even  upon  suddenly  reducing  the  latter  to  the 
temperature  of  the  surrounding  atmosphere,  the  needle  remained 
for  some  time  deflected.  The  diminished  influence  of  the  hot 
water,  consequent  on  its  gradual  cooling,  was  therefore  par- 
tially compensated  for  by  the  fact  that  the  sides  of  the  cylinder 
did  not  with  proportionate  rapidity  yield  up  to  the  cooling- 
water  the  heat  which  they  had  received  from  the  water  in  the 
brass  vessel.  It  was,  in  fact,  found  after  each  experiment 
that  the  upper  layer  of  the  cooling-water  had  become  appre- 
ciably warmer,  though  the  dift'erence  at  the  height  of  the  sol- 
dered junction  was  seldom  more  than  one  degree,  frequently 
even  less.  I  noticed,  however,  that  even  such  small  differ- 
ences of  temperature  had  an  observable  effect  upon  the  needle  ; 
but  these  differences  of  temperature  may  have  been  somewhat 
greater  on  the  inside  of  the  glass  cylinder. 
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As  currents  seemed  unavoidable  under  these  circumstances, 
more  especially  in  the  mobile  hydrogen,  and  as  thus  there  was 
sufficient  ground  to  suppose  that  these  currents  were  the  only 
cause  of  the  greater  thermal  motion  of  hydrogen,  it  appeared 
indispensable  to  maintain  a  constant  change  of  the  cooling- 
water.  This  was  done  by  drawing  off  the  water  by  means  of 
a  siphon  from  the  upper  part  o.'  the  annular  space,  whilst  at 
the  same  time  cold  water  was  introduced  at  the  bottom.  By 
this  arrangement  the  temperature  of  the  cooling-water  was 
maintained  so  uniform  that  it  did  not  change  more  than  0*1 
to  0*2  degree  in  the  course  of  an  observation. 

In  addition  to  this,  the  soldered  junction  of  the  thermopile 
was  lowered  from  23  to  45  millims.  below  the  bottom  of  the 
brass  vessel ;  this  distance  was  still  some  millimetres  less  than 
that  Magnus  had  in  his  experiments.  By  this  means,  as  well 
as  by  the  cooling- wrter,  the  possibility  of  the  glass  becoming 
warm  down  to  the  level  of  the  soldered  junction  was  consi- 
derably diminished. 

The  following  figures  were  now  obtained  for  dry  hydrogen 
and  air: — 

Table  IV. 


T. 

t. 

T. 

z. 

P- 

lOOr 

t 

riio 

Hydrogen  ... 

]  46-0 
[39-6 

I  11-0 

28-6 

11-5 

8 

7600 

40-2 

Hydrogen  ... 

•^55-3 

[47-5 

riio 

.')2-0 
145-3 

365 

159 

7 

755-0 

43-6 

Air 

34-3 

7-5 

7 

744-5 

21-8 

(  10-5 

Air 

]510 
1  430 

32-5 

13-5 

7 

1-5 

40-0 

[    9-4 

Air 

]  60  0 
51-3 

41-9 

16-5 

7 

15 

41-5 

On  comparing,  as  exhibited  by  these  figures,  the  relation  of 
the  thermal  motions  in  hydrogen  and  in  vacuum,  an  almost 
entire  similarity  is  observed.  Now  the  motion  in  vacuum  is 
almost  exclusively  due  to  radiation.  The  conclusion  seems 
therefore  justified,  that  hydrogen  is  as  diathernianous  to  raySy 
emanating  from  a  body  heated  by  means  of  hot  tcater,  as  a 
vacwim. 


410  Prof.  H.  BufF  on  the  Thermal  Conductivity/ 

True,  what  we  speak  of  as  a  vacuum  is  not  absolutely  free 
from  gas  ;  when  compared  with  a  perfect  vacuum  the  diather- 
mancy of  hydrogen  may  possibly  be  less.  This  seems  even 
beyond  doubt ;  for  it  would  be  impossible  to  raise  the  tempe- 
rature of  hydrogen  if  this  gas  did  not  possess  any  absorptive 
capacity  for  heat. 

The  preceding  remarks,  as  already  stated,  are  not  meant  to 
deny  that  hydrogen  possesses  a  certain  degree  of  thermal  con- 
ductivity, but  to  show  that  this  conductivity  is  too  small  to 
become  distinctly  apparent — i.  e.  beyond  the  limits  of  the 
errors  of  observation  in  the  experiments  performed  by  Magnus 
and  repeated  by  myself. 

The  numerical  results  given  in  Magnus's  paper*  exhibit, 
therefore,  not  the  differences  in  conductivity  of  the  various 
gases,  but  in  diathermancy,  greatly  affected  though  by  dis- 
turbing influences.  This  is  especially  the  case  for  air  and 
hydrogen,  the  figures  of  which  are  too  high  in  comparison  with 
the  average  value  found  for  vacuum.  In  this  manner  the 
supposition  must  have  originated,  that  hydrogen  possesses  a 
conductivity  similar  to  that  of  the  metals. 

Proceeding  from  this  supposed  property  of  hydrogen,  Mag- 
nus thought  he  had  found  the  key  to  the  explanation  of  Grove's 
experiment,  that  a  platinum  wire,  through  which  the  electric 
current  passes,  loses  its  incandescence  in  hydrogen,  though 
not  in  air.  But  this  phenomenon  is  just  as  easily  explained 
by  the  greater  diathermancy  of  hydrogen  than  of  air,  more 
especially  if  we  take  into  consideration  its  behaviour  in  va- 
cuum, which  Grove  seems  not  to  have  noticed. 

The  greatest  incandescence  of  the  wire,  omnibus  paribus, 
takes  place  in  vacuum;  and  the  incandescence  diminishes  in  a 
striking  manner  when  air  is  admitted  ;  on  admission  of  hy- 
drogen instead  of  air,  the  white  incandescence  sinks  to  a  dull 
red  heat. 

The  researches  of  Dulong  and  Petit  on  the  laws  of  cooling 
bodiesf  have  established  the  fact  that  a  heated  body  cools  more 
rapidly  in  gas  than  in  vacuum,  and  that  this  rapidity  varies  for 
different  gases.  In  so  mobile  a  medium  as  hydrogen,  a  very 
rapid  current  may  be  formed  without  an  essential  diminution  in 
the  loss  of  heat  by  radiation.  The  conditions  for  rapid  thermal 
motion  are  thus  most  favourable.  True,  for  atmospheric  air 
the  convection  may  also  be  great ;  but  the  loss  by  radiation  is 
diminished  ;  the  rapidity  of  thermal  motion  must  therefore  be 
less  than  in  hydrogen.  Inasmuch  as  the  diathermancy  of  the 
air  is  less  than  that  of  hydrogen,  this  would  of  itself  explain 

•  Phil.  Mag.  vol.  xxii.  p.  10. 
t  Ann.  Chim.  Phys.  t.  vii.  1817. 
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^he  more  rapid  cooling  of  a  body  in  the  latter  medium,  even  if 
die  conductivity  of  both  gases  were  the  same. 

According  to  the  results  of  the  fourth  series  of  experiments, 
the  air  impedes  the  passage  of  heat-rays  in  a  striking  manner. 
The  air  employed  had  been,  as  stated,  carefully  dried  ;  n(;ver- 
theless  about  half  of  the  incident  rays  were  absorbed  by  the 
layer  of  air  between  the  bottom  of  the  heating- vessel  and  the 
soldered  junction  of  the  thermopile.  As  this  result  was  in  con- 
tradiction to  the  ex})erience  hitherto  collected,  further  obser- 
vations were  required  in  order  to  confirm  it. 

To  increase  the  deflection  of  the  needle,  the  ui)])er  surface 
of  the  soldered  junction  was  covered  with  lampblack  ;  by  this 
means  the  desired  result  was  attained. 

In  the  following  Tables,  T  denotes  the  temperature  of  the 
water  in  the  brass  cylinder  at  the  beginning  of  an  experi- 
ment, T'  the  temperature  of  the  water  when  the  needle  had 
reached  its  maximum  deflection  r.  The  differences  of  tempe- 
rature at  which  t  was  obtained  are  given  under  t,  and  T — t  is 
therefore  the  temperature  in  the  brass  cylinder  before  the  in- 
troduction of  the  hot  water.  Finally,  the  figures  under  zf 
give  the  duration  of  each  experiment  from  the  time  when  the 
hot  water  was  introduced,  and  column/)  represents  the  interior 
tensions. 

Table  V. 


Diathermancy  of  E 

ry  Air 

at  different  Densities. 

P 

100  r 

T. 

T'. 

t 

T. 

e'. 

millims. 

t 

41-8 

36-3 

291 

120 

6 

15 

41-2 

510 

430 

32-5 

13-5 

7 

1-5 

415 

540 

465 

38-2 

17-6 

4 

15 

46-0 

630 

55  0 

47-4 

20-2 

5 

1-5 

42-6 

84  0 

70-3 

63-2 

271 

(29-U) 

5 

15 

45-9 

480 

413 

311 

60 

7 

7480 

19-3 

520 

45-3 

34-3 

7-5 

7 

7440 

21-8 

85  0 

70-1 

611 

130 

5 

748-0 

212 

81-0 

73-2 

65-7 

13-5 

6 

7504 

20-5 

67-3 

58-8 

50-8 

12  7 

7 

5206 

25-0 

82-4 

67-5 

60-3 

16-4 

7 

414-5 

27-2 

64-0 

54  5 

46-5 

13  5 

7 

2547 

29-0 

620 

510 

432 

160 

7 

108-0 

37-0 

640 

534 

46-9 

18-8 

5 

12  1 

40-1 

660 

545 

480 

100 

7-5 

747-3 

20-8 

The  first  five  experiments  in  the  above  Table,  in  which  the 
thermal  motion  could  have  been  caused  by  radiation  alone, 
furnish  a  very  convenient  test  of  the  correctness  of  the  method 
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of  calculation  taken  as  the  basis  of  my  experiments.  The 
starting-point  of  this  calculation  is  the  assumption  that  the 
maximum  deflection  is  in  every  case  proportional  to  the  differ- 
ence of  temperature  t.  If  this  were  correct  within  the  range 
of  the  temperatures  selected,  the  first  five  figures  in  the  last 
column  ought  to  bo  equal,  or  nearly  so.  A  more  careful  con- 
sideration of  my  experiments,  however,  leads  me  to  the  con- 
clusion that  the  differences  there  apparent  do  not  arise  solely 
from  errors  of  observation,  but  chiefly  from  the  fact  of  its 
being  impossible,  notwithstanding  all  precautions,  to  overcome 
the  influence  of  heat  from  the  sides  of  the  glass  cylinder. 
The  ditt'erences  between  the  numbers  found  and  their  average 

value, =43'4,  however,  are  much  too  small  to  leave  the 

main  question  doubtful. 

To  show  the  difficulties  of  maintaining  the  initial  tempera- 
tures of  the  glass  cylinder,  I  give  here  an  experiment  in  full: — 

Table  VI. 


T. 

T. 

z. 

T'. 

h 

71 

0 

9-.'i5 

7-34 

84-0 

230 

9-56 

7-34 

740 

26  5 

9-58 

7-34 

71-4 

270 

9-59 

7-34 

70  3 

271 

9-60 

7-34 

68-8 

27-0 

9-61 

7-34 

68-0 

270 

9-62 

7-35 

66-4 

26-7 

9-63 

7-35 

64-5 

260 

9-65 

7-33 

The  figures  of  the  first  three  columns  require  no  further  ex- 
planation ;  those  in  the  fourth  column,  under  T',  give  the 
temperatures  of  the  cooling-water  at  the  height  of  the  junc- 
tion— /.  e.  38  millims.  under  the  surface  of  the  Avater.  Here, 
as  is  apparent,  the  temperature  could  be  kept  very  uniform  by 
means  of  the  regular  flow  of  the  water  from  the  surface.  But 
it  was  impossible  to  avoid  a  gradual  increase  of  temperature 
above  that  point  and  towards  the  inside  of  the  vessel.  This 
is  shown  by  the  still  rather  slow  return  of  the  needle  after  it 
reached  the  maximum.  It  is  clear  that  the  maximum  was 
thus  somewhat  altered,  though  to  a  very  trifling  degree, 
which  in  some  cases,  however,  may  not  have  been  exactly 
proportional  to  the  differences  of  temperature.  But,  as  already 
stated,  the  main  question  at  issue,  that  of  the  great  absorptive 
power  of  air  for  rays  of  low  temperatures  could  only  slightly 
have  been  affected  therebv- 
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The  average  of  five  experiments  gives  for  air  of  atmospheric 

density  the  number =20*7,  whilst  for  a  vacuum  of  only 

1*5  millim.  tension  the  average  value  was  — - —  =43*4.     Thus 

half  of  the  rays  of  low  refranoibility  entering  dry  air  of  atmo- 
spheric density  are  absorbed  by  those  la}'ers  which  are  nearest 
the  sources  of  heat. 

With  decreasing  density  the  diathermancy  increases.  But 
the  experiments  9  to  15  of  the  Table  show  that  the  increase  is 
not  inversely  proportional  to  the  tension  of  the  air,  but  takes 
place  nuieh  more  ra[)idly,  so  that  for  a  tension  of  lOOmillims. 
the  diathermancy  approaches  very  near  that  of  a  vacuum. 

The  effect  upon  the  junction  of  the  thermopile  was  next  de- 
termined when  the  source  of  heat  was  at  a  greater  distance 
from  it.  This  was  done  in  order  to  determine  whether  the 
absorption  took  place  innnediately  upon  the  entrance  of  the 
rays,  or  whether  the  lower  layer  of  air  likewise  absorbed  part 
of  the  rays. 

The  connecting  wires  of  the  thermopile  were  thei-efore 
shortened  so  that  the  soldered  junction  was  100  millims.  below 
the  brass  plate.  At  this  depth  there  was  no  rise  of  tempera- 
ture perceptible  on  the  outer  surface  of  the  glass  cylinder. 

The  results  of  the  experiments  carried  out  in  this  manner 
did  not  answer  my  exj)ectations.  The  deflections  of  the  needle 
diminished  to  such  a  degree  that,  even  under  the  most  favour- 
able circumstances,  they  scarcely  ever  exceeded  4°  ;  the  ab- 
sorptive power  of  air,  instead  of  proportionately  increasing,  as 
I  had  supposed,  seemed  to  decrease  from  the  50  per  cent, 
previously  observed  to  20  and  even  15  per  cent. 

To  obtain  greater  deflections  of  the  needle,  the  lower  side 
of  the  bottom  of  the  brass  vessel,  which  had  hitherto  remained 
metallic,  was  also  covered  with  lampblack,  but  without  favour- 
able result.  The  deflections  increased  but  feebly,  though  the 
radiating-power  of  the  source  of  heat  must  have  been  six  or 
seven  times  greater  than  previously  ;  on  removing  the  cool- 
ing-water, however,  the  deflections  increased  to  such  a  degree 
as  to  become  useless. 

The  soldered  junction  of  the  thermopile,  when  placed  100 
millims.  below  the  bottom  of  the  brass  cylinder,  was  thus 
nearly  entirely  withdrawn  from  the  influence  of  the  source 
of  heat,  and  was  dependent  only  upon  the  temperature  of  the 
cooling  water.  This  ought  not,  of  course,  to  have  affected  the 
relation  of  the  forces  which  deflect  the  needle,  according  as  the 
space  was  exhausted  or  filled  with  air,  if  in  both  cases  the  influ- 
ence of  the  cooling-water  had  remained  proportional  to  the 
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real  heating-effect  of  the  brass  vessel  upon  the  cooling-water. 
This,  however,  was  evidently  not  the  case. 

From  the  small  deflections  of  the  needle,  varying  within  2 
and  5,  it  was  evident  that  the  temperature  of  the  junction,  even 
had  it  reached  its  maximum,  could  not  be  very  different  from 
that  of  the  surrounding"  air.  Inasmuch  as  the  air  itself  ab- 
sorbed  some  of  the  incident  rays,  its  temperature  above  the 
junction  must  consequently  have  been  gradually  rising. 
Scarcely  any  cooling  of  the  junction  by  upward  currents  was 
observable.  As  soon  as  equilibrium  was  restored  between  the 
influx  and  loss  of  heat,  the  loss  nmst  have  been  occasioned,  in 
vacuum  as  well  as  in  air,  chiefly  by  radiation.  But  the  results 
of  the  preceding  experiments  show  that  the  loss  by  radiation 
is  greater  in  vacuum  than  in  air.  The  soldered  junction  re- 
tains in  the  latter  case,  therefore,  a  comparatively  higher  tem- 
perature. In  other  words,  the  same  causes  which  retard  the 
influx  of  heat  by  radiation  lessen,  on  the  other  hand,  the  loss. 
Thus  the  diathermancy  of  air  appears  greater  than  it  is  in 
reality. 

By  wrapping  the  junction  in  paper  this  source  of  error  was 
diminished — and  upon  covering  the  interior  of  the  cylinder 
with  double  cardboard,  nearly  disappeared. 

The  numbers  obtained  when  this  protection  against  the 
disturbing  influence  of  the  cooling-water  was  used  are  as  fol- 
lows : — 

'       Table  VII. 


T. 

T'. 

f. 

T.                        Z'. 

inillinis. 

100  r 

Dry  air. 

66-0 
65-8 
60-3 
630 

46-5 
49-0 
440 
460 

410 
44-0 
394 
40-6 

70 

7-5 

11-5 

11-8 

5 
5 
5 
5 

7550 

7530 

4-8 

2-5 

1710 
1704 
30U0 
29-00 

Dry  hydrogen. 

700 
670 

46-5 
45-8 

40-6 
397 

12-3 
117 

70 
65 

755-5 
755-5 

303 

29-5 

The  absorptive  power  of  the  dry  air  is  almost  similar  to  that 
formerly  obtained  when  the  junction  was  nearer  the  source  of 
heat.  The  experiments  with  hydrogen,  quoted  in  Table  VII., 
show  the  close  agreement  of  its  diathermancy  with  that  of  a 
vacuum. 

The  absorptive  power  of  air  for  greater  distances  from  the 
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source  of  heat,  I  have  not  yet  been  able  experimentally  to  de- 
tcnniiio.  Glass  cylinders  of  larger  diameter  would  be  neces- 
sary in  order  to  have  the  cooling-water  more  distant  from 
the  junction  of  the  thermopile.  These  experiments,  though 
unsuccessful,  have,  I  think,  shown  why  the  results  obtained  by 
other  observers,  whose  names  alone  are  sufficient  guarantees 
for  the  correctness  of  their  statements,  differ  so  very  widely 
from  those  obtained  by  me. 

According  to  the  first  observations  made  by  Magnus,  dry  air 
absorbs  18  per  cent,  of  the  heat-rays  proceeding  from  a  dark 
source*.  But  it  has  already  been  pointed  out  that  sources  of 
error  sufficient  to  account  for  such  differences  were  not  taken 
into  consideration  in  his  method.  His  thermometer,  parti- 
cularly, was  not  sufficiently  })rotected  from  currents  of  warm 
air. 

Magnus  himself  does  not  seem  to  have  placed  much  confi- 
dence in  those  experiments,  as  far  as  they  had  reference  to 
the  diathermancy  of  different  gases  ;  for  in  a  second  series  of 
experiments  f,  undertaken  with  the  view  of  investigating  the 
diathermancy  of  gases,  his  apparatus  was  essentially  altered  : 
for  the  mercury  thermometer,  as  described  in  his  memoir, 
a  thermoelectric  })ile  was  substituted.  This  was  })laced  in 
a  glass  cylinder  175  millims.  in  height  by  100  millims.  in 
width,  and  surrounded  by  water  of  constant  temperature. 
TTie  source  of  heat  was  at  least  200  millims.  above  the  face  of 
the  pile  ;  and  the  rays  before  reaching  the  face  had  to  pass 
through  a  narrow  channel  of  only  24  millims.  width.  With 
this  apparatus  Magnus  found  that  the  air  absorbed  only  1 1 
per  cent,  of  the  incident  rays. 

Here  there  could  be  no  possibility  of  a  disturbance  from  air- 
currents  ;  but  other  difficulties  presented  themselves.  The 
thermopile,  whose  bars  were  only  30  millims.  long,  was  wholly 
within  the  vessel  for  the  recej)tion  of  the  gases  ;  one  face  was 
turned  towards  the  source  of  heat ;  the  other  Avas  fixed  to  the 
plate  of  an  air-pump  by  means  of  a  cork,  into  which  the  lower 
end  of  the  cylindrical  casing  penetrated  for  a  short  distance. 
This  arrangement  prevented,  or  at  least  impeded,  a  free  circu- 
lation of  the  gases  around  the  lower  face  of  the  pile. 

It  is  probable  that,  as  the  experiment  lasted  several  minutes, 
the  heat  received  by  the  blackened  front  face  of  the  pile  was 
soon  propagated  to  the  lower  face  (where,  as  already  stated, 
the  elimination  of  heat  was  greatly  impeded),  and  very  soon 
raised  its  temperature  above  that  of  the  surrounding  medium. 
In  consequence  of  this,  the  difference  in  temperature  of  the 

*  Phil.  Mag.  vol.  xxii.  p.  10.  t  Ibid.  p.  95. 
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two  faces  of  the  pile  became  incompletely  developed,  the  de- 
flections of  the  needle  being  indeed  greatest  in  those  cases  in 
which  the  rays  passed  most  directly  to  the  pile,  i.  e.  when  they 
traversed  a  vacuum  or  hydrogen.  And  such  behaviour  is 
clearly  shown  in  the  experiments. 

A  still  more  important  source  of  error  lay  in  the  consider- 
able distance  of  the  source  of  heat  from  the  thermopile  as 
compared  with  the  small  diameter  of  the  glass  cylinder. 

Almost  simultaneously  with  Magnus,  Tyndall  published  a 
comprehensive  memoir  on  the  diathermancy  of  gases  and  va- 
pours *.  His  method  differs  essentially  from  that  first  adopted 
by  Magnus,  in  that  the  rays  had  to  pass  through  a  polished 
plate  of  rock-salt  before  they  reached  the  vessel  containing 
the  gas  under  investigation.  This  vessel  consisted  of  a  hori- 
zontally placed  metal  tube  4  feet  in  length,  polished  inter- 
nally and  hermetically  closed  at  both  ends  by  plates  of  rock- 
salt.  The  heat-rays  emanating  from  a  Leslie's  cube  at  a  dis- 
tance of  8  inches,  after  passing  through  the  air,  entered  the 
tube  through  one  of  the  rock-salt  plates,  issued  again  by  the 
second,  and,  having  traversed  a  second  layer  of  air,  fell  upon 
the  conical  reflector  of  a  thermopile. 

By  this  method  all  the  heat-rays  for  Avhich  air  is  atherma- 
nous  were  evidently  absorbed  ;  and  hence  those  entering  the 
tube  would  pass  through  it  unhindered  when  the  tube  was 
filled  with  dry  air.  This  would  also  be  the  case  for  the  chief 
constituents  of  air,  oxygen  and  nitrogen,  as  well  as  for  hy- 
drogen or  even  a  vacuum,  since  these  media  allow  all  rays  to 
pass.  In  this  w  y  the  result  would  be  obtained,  that  the  four 
gases  exhibic  the  same  behaviour  as  a  vacuum  towards  heat- 
rays  from  a  dark  source. 

In  a  subsequent  series  of  experiments,  Tyndall  employed  a 
small  chamber  fixed  air-tight  onto  one  of  the  rock-salt  plates, 
its  opposite  sides  being  similarly  closed  by  one  of  the  faces  of 
the  cube.  During  the  experiment  the  chamber  was  exhausted ; 
so  that  the  heat-rays,  before  entering  the  tube,  could  not  suffer 
any  loss  except  by  their  passing  through  the  rock-salt.  Never- 
theless the  results  differed  very  little  from  the  preceding  ones. 
A  small  but  not  constant  fraction  of  the  incident  rays  (accord- 
ing to  Tyndall  about  0*33  per  cent.)  was  lost.  Such  a  result 
was  indeed  to  be  expected  ;  for  since  the  rays  had  still  to  tra- 
verse a  layer  of  air  before  reaching  the  thermopile,  only  those 
rays  could  arrive  there  for  which  air  is  diathermanous.  But 
the  rock-salt  also  may  have  retained  some  of  the  incident  rays. 
Melloni  had,  it  is  true,  pronounced  rock-salt  to  be  completely 

*  Phil.  Mag.  [IV.]  vol.  xxii.  p.  169. 


and  Diathermancy  of  Air  and  Hydrogen. 


417 


diiithermanous  ;  and  it  was  perfectly  justifiable  to  trust  such  an 
authority.  But  Melloni  was  not  aware  that  air  absorbs  a  con- 
siderable proportion  of  heat-rays  :  he,  indexed,  regarded  it  as 
diathermanous,  because  he  had  observed  that  rays,  after  once 
entering  air,  lose  nothing  after  traversing  a  distance  of  several 
metres.  He  never  compared  the  diathermancy  of  air  with 
that  of  a  vacuum,  nor  did  he  try  to  send  rays  from  a  vacuum 
into  rock-salt.  Thus  it  might  easily  occur  that  rock-salt, 
though  it  allowed  all  rays  coming  from  air  to  pass,  nevertho- 
theless  absorbed  a  i)ortion  of  rays  issuing  from  their  source 
directly  through  the  vacuum. 

To  solve  this  question  experimentally,  my  apparatus  required 
only  a  slight  alteration.  The  soldered  junction  of  the  thermo- 
pile, Avhich  was  at  45  inillims.  distance  below  the  bottom  of 
the  brass  vessel,  was  surrounded  with  a  jacket  of  thin  sheet 
brass  ;  this  jacket,  open  at  both  ends,  rested  on  the  plate  of 
the  air-pump,  and  was  provided  at  its  upper  end,  which  was 
about  20  millinis.  al)ove  the  level  of  the  soldered  junction, 
with  a  circular  opening  about  44  millims.  wide,  in  which  a 
plate  of  clear  rock-salt  could  be  inserted.  This  plate,  3  mil- 
lims. thick,  had  been  cut  and  carefully  polished  by  M.  Steeg 
in  Homburg  v.  d.  H. 

The  following  experiments  were  made  with  air  at  4*2  mil- 
lims. tension  : — 


Table  VIII. 


Opening, 

T. 

(700 
1«70 

fsy-o 

\  700 
1  32  0 

T'. 

470 
450 

580 
475 
230 

t. 

r. 

z. 

lOOr 
t 

Free    

40-7 
38-4 

513 
41  5 

170 

203 

20-2 

17  8 

109 

51 

7  '" 

500 
526 

34-9 
2fi3 
300 

Covered  witli  rock- 
salt   

These  experiments  confirm  the  hypothesis  previously  stated. 
They  show  that  less  than  60  per  cent,  of  the  rays  from  the  hot- 
water  vessel  pass  through  a  plate  of  clear  rock-salt  only  3  mil- 
lims. in  thickness.  A  very  considerable  proportion  of  these 
rays  is  thus  retained  by  the  rock-salt. 

The  question  still  remained,  how  far  air  and  rock-salt  agree 
in  their  thermal  colours.  The  following  series  of  experiments 
give  us  a  solution  of  this  problem.  In  every  case  the  circular 
opening  was  covered  with  the  rock-salt  plate,  and  the  interior 
of  the  glass  cylinder  was  lined  with  pasteboard. 

ridl.  Mag.  S.  5.  Vol.  4.  No.  27.  Dec.  1877.  2  E 
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Table  IX. 


T. 

T'. 

t. 

r. 

z'. 

raillims. 

100  T 

t 

490 

360 

30-3 

239 

14 

755 

809 

550 

390 

33  9 

(24-5) 
271 

14 

745 

85-5 

570 

390 

35-0 

(290) 

(28-9) 

14 

745 

82-6 

423 

257 

257 

246 

14 

92 

97-7 

560 

320 

320 

(25-5) 
300 

14 

7-8 

1050 

560 

31-3 

31-3 

(33-6) 
281 
(30-5) 

14 

7-7 

97-4 

In  the  first  throe  experiments  the  air  in  the  glass  cyHnder 
was  of  atmospheric  density,  in  the  last  three  it  was  greatly 
rarefied.  Of  about  100  rays  which  passed  through  the  rarefied 
space  and  the  rock-salt,  only  about  83  were  transmitted  through 
the  denser  air. 

The  thermal  colours  of  the  two  substances  are  not  perfectly 
alike,  but  sufficiently  similar  to  explain  the  phenomena  ob- 
served by  Tyndall. 

Tyndall  determined  the  absorptive  capacity  of  dry  air  from 
the  very  small  alteration  caused  by  filling  the  previously  ex- 
hausted tube  of  4  feet  length  with  dry  air.  After  what  has 
been  stated  it  will  not  be  surprising  that  other  gases,  such  as 
moist  air  and  defiant  gas,  possessing  other  thermal  colours, 
when  substituted  for  dry  air  in  the  tube,  produced  greatly  dif- 
ferent effects  upon  the  galvanometer.  But  such  differences 
do  not  prove  a  greater  absorptive  power  of  the  respective 
gases,  as  Tyndall  supposed,  but,  in  the  first  instance,  a  difference 
only  in  their  thermal  colours. 

On  comparing  the  small  effect  of  dry  air  upon  ihe  needle 
with  the  greater  one  produced  by  moist  air,  as  resulting  from 
his  mode  of  observation,  Tyndall  arrived  at  the  remarkable 
conclusion  that  the  thermal  absorption  of  the  latter  is  from  20 
to  40  times  as  great  as  that  of  the  former.  This  conclusion 
was  called  in  question  by  Magnus,  who  had  found  in  his  ex- 
periments with  dry  and  moist  air,  when  not  using  a  plate  of 
rock-salt,  that  the  difference  in  their  absorptive  powers  for  rays 
of  the  temperature  of  boiling  water  is  very  small,  though  that 
of  moist  air  is  somewhat  the  greater.  Thus  originated  the  well- 
known  controvej'sy  between  the  two  scientific  men — a  contro- 
versy which  excited  all  the  more  interest,  inasmuch  as  both 
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were  regarded  as  equally  reliable  and  acute  observers,  and  yet 
the  i-esults  were  so  widely  different. 

My  own  observations  on  the  diathermancy  of  moist  air  agree 
pretty  closely  with  those  of"  Magnus.  Unfortunately,  the  season 
of  the  year  ])revented  the  application  of  .tensions  above  a  tem- 
perature of  13°  ;  I  purpose  to  continue  my  experiments  in  this 
direction  under  more  favourable  conditions  of  temperature. 

For  the  exj)eriments  which  hitherto  have  been  made,  the 
above-described  apparatus  with  the  glass  cylinder  was  em- 
ployed. The  soldered  junction  was  45  millims.  below  the 
bottom  of  the  brass  vessel.  The  numbers  obtained  are  tabu- 
lated with  those  for  carbonic  acid  and  for  hydrogen  ;  those  for 
the  latt<u'  are  the  results  of  a  repeated  examination. 

Table  X. 


T. 

T'. 

t. 

r.               z\ 

millims. 

100  n- 
t 

Hydrogen,  dry. 

625 
47() 
390 

515 
38  5 
325 

40-5 
324 

26-7 

18-4 
150 
125 

7              1-5 
7              15 
0          7590 

454 

463 

46-8 

Carbonic  Acid,  dry. 

620 
820 

530 
665 

432            8-3 
580          110 

5 

7 

7500 
7500 

1&2 
190 

Moist  Air. 

81-0 

85  0 

870 
700 
86-0 


69-0 

60-2 

23  1 

(23-5) 

6 

73-5 

5715 

19-4 

6 

790 

620 

125 

7 

55-7 

442 

8-7 

65 

720 

59() 

11-5 

6 

8-2 

(y°) 

12-9 

(12° 

) 

7566 

(10° 

•9) 

756-6 

(10° 

•7) 

7566 

(13° 

•7) 

390 

340 
20  1 
19-7 
19-5 


Tlie  numbers  of  the  last  colunui  are  throughout  comparable 
with  the  corresponding  ones  obtained  in  preceding  experiments 
with  a  distance  of  45  millims.  between  the  brass  plate  and  the 
junction,  and  according  to  which,  for  dry  air  of  atmospheric 

density,  — -—=20*7,  for  vacuum  — - — =43-4.    The  radia- 

ting  brass  bottom  was  clean  and  polished  ;  the  soldered  junc- 
tion was  covered  with  lampblack,  as  in  the  experiments  quoted 
in  Table  V.  The  carbonic  acid,  prepared  from  sodium  carbo- 
nate by  sulphuric  acid,  was  dried  over  calcium  chloride. 
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To  fill  the  glass  cylinder  with  aqueous  vapour,  a  small  vessel 
of  water  was  placed  within  it ;  near  it  a  thermometer  was 
hung,  the  readings  of  which  are  given  in  brackets  in  the  last 
column  but  one. 

The  first  two  experiments  with  moist  air  were  made  in  a 
space  as  highly  rarefied  as  was  attainable  by  means  of  the  air- 
pump.  The  manometric  numbers  indicate  therefore  the  pres- 
sure of  a  mixture  of  air  and  water-vapour,  in  Avhich  that  of 
the  former  did  not  exceed  1*5  millim.  After  the  termination 
of  these  experiments,  air  of  75*7  millims,  barometric  pressure 
was  allowed  to  enter  the  space  already  saturated  with  vapour. 
The  amount  of  vapour  had  to  be  determined  from  the  tempe- 
rature indicated  by  the  thermometer. 

It  appeared  of  particular  interest  to  investigate  defiant  gas 
according  to  this  method — partly  because  its  specific  gravity 
so  closely  approximates  to  that  of  air,  and  partly  because, 
notwithstanding  the  large  proportion  of  hydrogen  it  contains, 
it  was  found  both  by  Magnus  and  Tyndall  to  absorb  more  of 
the  heat-rays  than  air. 

In  has  been  pointed  out  that  the  basis  of  Tyndall's  compa- 
risons was  not  reliable  ;  and  it  is  probable  that  in  Magnus's 
experiments  conditions  obtained  such  as  led  him  to  find  the 
diathermancy  of  hydrogen  smaller  than  that  of  the  air. 

On  the  other  hand,  Dulong  and  Petit,  in  their  extensive 
researches  on  the  laws  of  cooling  *,  compared  the  rapidity 
with  which  a  thermometer  cooled  in  contact  with  air,  hy- 
drogen, carbonic  acid,  and  olefiant  gas  successively  (all  four 
gases  taken  at  the  same  pressure),  and  found  that  the  heated 
body  cools  most  rapidly  in  hydrogen,  and  next  in  olefiant  gas. 
Considering  that  equal  volumes  of  air  and  of  olefiant  gas  have 
almost  the  same  weight,  the  idea  naturally  presents  itself  of 
supposing  that  the  above-mentioned  behaviour  is  due  to  the 
fact  of  the  diathermancy  of  olefiant  gas  being  greater  than 
that  of  air  and  of  carbonic  acid. 

The  gas  used  in  my  experiments  was  prepared  from  a  mix- 
ture of  sulphuric  acid  and  alcohol  by  Messrs.  H.  W.  Will  and 
A,  Winther,  assistants  in  the  chemical  laboratory  of  this  Uni- 
versity. It  contained  a  trace  of  ether,  and  might,  whilst  being 
introduced  into  the  apparatus,  have  taken  up  a  small  quantity 
of  air,  though  the  cylinder  was  repeatedly  filled  with  fresh 
quantities  of  the  gas  before  the  experiment  was  begun.  The 
numbers  of  the  following  Table  cannot  be  directly  compared 
with  those  of  Y.  and  X.,  because  in  those  two  series  the  junc- 
tion was  covered  >vith  lampblack,  and  the  bottom  of  the  metal 
cylinder  was  clean  and  bright,  whilst  in  the  present  experi- 
*  Ann.  Chim.  Phys.  t.  vii.  p.  351. 
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ments  the  reverse  was  the  case.  Moreover  the  distance  was 
h^ss  than  45  niillinis.,  which  gave  greater  deflections.  For 
the  sake  of  comparison,  the  results  of  experiments  repeated 
with  dry  air  and  the  vacuum  are  also  given. 

Table  XI. 
(Each  experiment  lasted  six  minutes.) 


T. 

T'. 

t. 

T. 

luillims. 

100  r 
T 

Dry  air  

|63  0 

1  60-0 

/  59-0 
1580 

600 

510 

480 
470 

42-2 

43-6 

425 
40-5 

28-0 
(304) 
15-2 

17-8 
162 

5 

738-5 

742-6 
6560 

72-03 

34-86 

41  9 
400 

Dry  olefiant  g!i8... 

From  these  experiments  the  diathermancy  of  olefiant  gas 
appears  somewhat  higher  than  that  of  air.  True,  I  cannot 
warrant  the  purity  of  the  gas  ;  but  I  believe  that  any  possible 
admixtures  must  have  tended  rather  to  increase*  than  to  dimi- 
nish the  absorption. 

The  diathermancy  of  a  hydrogen-vacuum  of  1"5  millim.  ten- 
sion may  be  considered  as  very  closely  approximating  to  that 
of  an  absolute  vacuum.     The  comparable  average  value  of  the 

numbers  for  a  hydrogen- vacuum  gave  — - —  =  45*4.     Dividing 

the  values  of  the  other  gases  by  this  number,  and  multiplying 
the  quotient  by  100,  the  following  ratios  are  obtained : — 


Name  of  the  gas. 


Hydrogen,  dry 
Air,  dry 


Air- vacuum,  moist  at  12°  C 

Air,  saturated  witli  vapour  at  12° 

Carbonic  acid,  dry     

Olefiant  gas    


Tension, 

Diather- 

Absorp- 

in millims. 

mancy. 

tion. 

15 

1000 

0 

750-760 

1020 

0 

750-760 

45-6 

54-4 

520-6 

54-5 

45-5 

414-5 

600 

40-0 

254-5 

63-0 

37-0 

108-0 

80-4 

196 

121 

87-5 

12-5 

1-5 

95-6 

4  6 

12-9 

74-2 

25-8 

756-6 

432 

568 

7500 

42-1 

579 

750-0 

53-6 

47-4 

Hydrogen  at  ordinary  pressure  always  gave  a  somewhat 
higher  number  than  a  vacuum  ;  so  that  I  cannot  suppose  that  the 
difierence  is  due  merely  to  errors  of  observation.  Nevertheless 
I  do  not  regard  this  as  a  proof  of  conduction,  which  would  re- 
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quire  to  propagate  itself  to  a  distance  of  1 00  millims.  in  the 
short  interval  of  five  minutes  ;  I  am  rather  inclined  to  ascribe 
this  to  the  very  great  mobility  of  the  hydrogen  molecules. 

Water-vapour  in  vacuum,  however  small  the  quantity,  ab- 
sorbs a  considerable  amount  of  heat,  in  any  case  more  than 
air  of  the  same  tension;  but  in  air  of  atmospheric  pressure 
this  preponderance  is  not  very  striking  ;  in  other  words,  rays 
which  are  not  absorbed  by  dry  air  pass  to  a  great  extent  also 
through  moist  air. 

Other  experimenters  have  taken  more  or  less  active  part  in 
the  controversy  on  the  magnitude  of  the  absorptive  power  of 
aqueous  vapour  for  rays  of  low  refrangibility.  The  researches 
of  H.  Wild*  are  particularly  deserving  of  attention. 

Wild  studied  carefully  Tyndall's  method,  as  well  as  that  of 
Magnus.  The  measurements,  however,  which  he  communi- 
cated were  obtained  with  an  apparatus  resembling  that  of 
Tyndall  f  Avithout  rock-salt  plates.  His  somewhat  altered  ar- 
rangement is  well  adapted  for  exhibiting  toa  large  audience  the 
fact  that  moist  air  absorbs  rays  from  a  dark  source  better  than 
dry :  but  the  real  point  at  issue  is  not  touched  at  all  by  this 
fact ;  for  Magnus  himself  had  repeatedly  acknowledged  the 
higher  absorptive  power  of  moist  air,  denying  only  that  this 
was  from  15  to  40  times  as  great  as  that  of  dry  air.  In  this 
respect  Wild's  experiments  give  as  little  information  as  those 
])reviously  made  by  Tyndall ;  for  in  both  cases  the  rays,  before 
entering  the  spaces  saturated  with  moisture  and  reaching  the 
thermopile,  had  passed  for  a  certain  distance  through  the  air 
of  the  room — and  consequently  had  lost  the  rays  capable  of 
absorption  by  air,  without  being  able  to  affect  the  thermomul- 
tiplier. 

As  already  stated.  Wild  also  submitted  Magnus's  process  to 
an  experimental  investigation  ;  but  in  consequence  of  his  pre- 
conceived notion  that  the  absorptive  power  of  air  was  very 
small,  he  failed  to  drav;  the  right  conclusions  from  indications 
in  a  contrary  sense  which  his  own  experiments  offered  |. 

One  circumstance  in  Wild's  memoir  produced  doubts  in  my 
mind  when  first  reading  it.  He  assumes  that  the  absorption 
is  proportional  to  the  thickness  of  the  absorbing  layer,  and 
concludes  from  this  that  Magnus  had  obtained  smaller  values 
than  Tyndall,  to  a  certain  extent,  because  the  distance  of  the 
thermopile  from  the  source  of  heat  had  been  too  short  in  his 
experiments. 

It  is  quite  justifiable  to  assume  that,  within  certain  limits, 

*  Phil.  Mag.  [IV.]  vol.  xxxii.  p.  241. 

t  Ibid.  vol.  xxiv.  p.  270;  also  vol.  xxvi.  p.  21. 

1  Ibid.  vol.  xxxii.  p.  214. 
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the  absorption  of  a  layer  of  gas  increases  with  the  thickness 
as  with  its  density ;  hut  for  air  and  aqueous  vapour  these  limits 
must  be  drawn  closely. 

Melloni  had  shown  by  experiments  *  that  a  layer  of  air  of 
5-G  metres  thickness  exercises  no  perceptible  absorption  on 
rays  proceeding  from  a  body  heated  to  100°  C.  Tyndall  and 
Wild  have  accepted  this  fact,  and  indeed  based  upon  it  the  dis- 
position of  their  aj)paratus. 

But  Molloni's  experiments  in  this  direction  were  performed 
in  an  open  space.  The  air  employed,  like  that  of  any  space 
to  which  the  atmosiihere  has  free  access,  nmst  have  contained 
aqueous  vapour,  though  this  is  not  expressly  mentioned.  If  the 
absorption  of  moist  air  increased  for  such  great  distances,  and 
as  considerably  as  Wild  su[)posed,  the  experiments  of  Melloni 
necessarily  would  have  led  to  a  different  result.  I  conclude 
from  this  that  the  absorption  of  both,  dry  as  well  as  moist  air, 
very  rapidly  diminishes,  and  nmst  soon  become  imperceptible 
in  a  layer  the  thickness  of  which  may  be  left  out  of  considera- 
tion when  compared  with  the  magnitude  of  the  distance  at 
which  Melloni  had  carried  out  the  tirst  of  his  comparative  ex- 
periments. 

The  experimental  part  of  the  present  investigation  hail 
been  completed  when  my  attention  was  directed  to  the  analo- 
gous researches  of  Hoorwegt-  The  observations  of  Magnus 
and  Tyndall  are  here  elaborately  and  impartially  compared, 
and  critically  elucidated,  chiefly  with  regard  to  the  absorptive 
capacity  of  moist  air.  Hoorweg's  own  experiments  led  him 
finally  to  the  same  result  which  Magnus  had  attained,  and  at 
which  I,  too,  had  arrived  by  my  experiments  performed  in  a 
])erfectly  ditt'erent  manner,  viz.  that  the  absorption  of  moist 
air  difters  l)ut  little  from  that  of  dry.  Hoorweg's  researches, 
however,  extend  only  to  those  rays  which,  before  examination, 
had  been  de})rived  of  the  portion  for  which  air  is  atherma- 
nous.  The  disproportion  of  Tyndall's  numbers  therefore  natu- 
rally escaped  him. 

In  contradiction  to  Melloni's  expei-ience,  previously  men- 
tioned, Hoorweg  finds  that  the  absorption  in  moist  air  increases 
with  the  length  of  the  layer.  This  result  of  his  experiments, 
however,  is  open  to  objections.  He  filled  the  space  between 
the  source  of  heat  and  the  thermopile  with  moisture  by  intro- 
ducing air  which  had  been  forced  tluoiii>h  a  box  containinxr 
moistened  fragments  of  quartz.  It  is  possible  that  in  this 
way,  along  with  aqueous  vapour,  finely  divided  particles  of 
liquid  water  had  been  carried  along  into  the  space. 

1  pass  over  the  conclusions  regarding  the  thermal  conditions 
*   Theniwdirvse,  S.  loO.  t  I'^iSK-  ^i^nn.  13(1.  civ.  iS.  ^85. 
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of  the  earth's  surface  which  might  be  drawn  from  the  great 
absorptive  power  of  the  air  for  rays  of  low  refrangibility,  such 
as  are  largely  present  in  the  solar  rays,  and  conclude  this  paper 
with  a  short  summaiy  of  the  chief  results  of  my  experiments. 

The  thermal  conductivity  of  hydrogen  and  of  other  gases 
is  far  too  small  to  admit  of  its  being  proved  by  the  method 
Magnus  adopted.  The  assumption  that  the  conductivity  of 
hydrogen  is  similar  to  that  of  the  metals,  if  by  this  statement 
any  thing  more  is  meant  than  that  hydrogen,  like  solid  and 
liquid  bodies,  is  capable  of  transmitting  heat  from  molecule 
to  molecule,  is  therefore  not  justified. 

On  the  other  hand,  hydrogen  possesses  a  diathermancy 
closely  approaching  that  of  a  vacuum. 

Dry  air  absorbs  from  50  to  60  per  cent,  of  the  rays  of  heat 
which  it  receives  from  a  source  heated  to  the  boiling-point  of 
water. 

The  absorptive  power  of  moist  air  surpasses  that  of  dry  air 
by  a  trifling  percentage,  but  by  no  means  to  such  a  degree  as 
hitherto  had  been  assumed  by  several  physicists. 

Rock-salt  is  not  absolutely  diathermanous  for  the  so-called 
dark  rays  of  heat ;  its  thermal  colour  rather  resembles  that  of 
dry  air. 

Giessen,  March  30,  1876. 


LVI.  On  the  Penetration  of  Heat  across  Layers  of  Gas.  By 
G.  Johnstone  Stoney,  M.A.,  F.R.S.,  Sfc,  Secretary  Royai 
Dtihlin  Society*. 

Pakt  I.   Theory. 

1.  TJ  EAT  will  pass  between  bodies  at  different  tempera- 
-tl-  tures  by  direct  contact,  by  radiation  and  absorption, 
or  by  contact  with  a  fluid  and  convection  through  it.  That 
heat  may  be  transported  in  these  several  ways  has  long  been 
known ;  and  the  laws  of  the  transfer  have  been  made  the  sub- 
ject of  repeated  and  careful  investigation  by  experiment  and 
by  the  deductive  method.  And  last  year  two  papers  f  were 
published  by  the  author  of  the  present  memoir,  in  which  it 
was  shown  that  heat  will  also  escape,  under  new  conditions, 
across  a  Crookes's  layer,  if  the  layer  be  restricted  in  width. 
In  those  papers  the  mechanical  actions  that  arise,  and  upon 
which  Mr.  Crookes  had  made  many  experiments,  were  made 
the  subject  of  study  ;  and  the  present  communication  aims  at 

*  From  the  Scientific  Transactions  of  the  Royal  Dublin  Society  for 
1877.     Communicated  by  the  Author. 

t  See  Phil.  -Nlag.  for  March  and  April  1876. 
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extending  the  investigation  to  the  second  branch  of  the  sub- 
ject, viz.  the  transfer  of  heat  which  accompanies  those  mecha- 
nical actions. 

2.  When  gas  is  in  contact  with  a  body  A  at  a  different 
temperature  from  itself,  it  is  a  familiar  fact  that  convection 
currents  rapidly  set  in.  The  first  step  of  the  process  is  the  * 
almost  instantaneous  formation  of  that  layer  which  I  have 
called  Crookes's  layer — a  layer  of  the  gas  of  varying  density 
and  temperature,  being  on  one  side  at  the  temperature  of  the 
body  A,  and  on  the  other  side  at  the  temperature  of  the 
surrounding  gas.  It  is  because  this  layer  has  a  different 
density  from  the  rest  of  the  gas,  and  because  of  the  attraction 
of  the  earth,  that  those  streams  set  in  which  are  called  con- 
vection currents  ;  and  accordingly,  if  the  experiment  could  be 
made  at  a  station  where  there  is  no  gravity,  these  convection 
currents  would  not  arise,  although  the  Crookes's  layer  would 
then  also  be  fully  developed.  It  will  be  convenient  to  inquire 
first  what  will  occur  under  these  simplified  conditions,  and 
afterwards  to  take  into  consideration  whether  any  modification 
has  to  be  made  to  allow  for  the  effect  of  the  neighbouring 
earth.  To  give  to  the  problem  definiteness  and  the  utmost 
simplicity,  1  will  suppose  that  a  body  A  at  temperature  6i 
presents  a  large  flat  surface  to  an  atmosphere  of  gas  which  is 
at  a  lower  temperature  6^,  and  exposed  everywhere  to  a  con- 
stant pressure,  but  which  is  uninfluenced  by  gravity.  Let  us 
further  regard  this  gas  as  a  perfect  non-conductor  of  heat. 

3.  If  the  excess  of  temperature  is  supposed  to  be  suddenly 
imjtarted  to  A,  there  will  be  a  brief  interval  of  adjustment 
within  the  gas,  after  which  the  condition  of  the  gas  will  settle 
down  into  the  state  in  which  the  Crookes's  layer  will  have 
been  fully  formed.  The  Crookes's  layer  in  this  case  will  ob- 
viously consist  of  a  flat  stratum  of  the  gas  in  contact  with  the 
hot  surface  of  A  ;  and  within  this  stratum  the  temperature 
will  gradually  decrease  from  within  outwards,  from  6-^,  the 
temperature  of  A,  down  to  62,  the  temperature  of  the  sur- 
rounding gas.  This  gradual  falling-off  of  the  temperature 
implies  a  corresponding  gradual  augmentation  of  the  density,, 
since  we  have  supposed  the  gas  to  be  everyAvhere  subjected 
to  the  same  pressure.  If  the  gas  coidd*  admit  of  the  forma- 
tion of  a  complete  Crookes's  layer,  then  we  know,  from  the 
familiar  experiments  which  show  gases  to  be  bad  conductors  of 
heat,  that  after  the  brief  interval  of  adjustment  a  permanent 
state  would  ensue,  in  which  there  would  be  no  further  change 
of  density,  or  motion  of  heat  except  by  radiation.  Accord- 
ingly, if  an  isothermal  surface  be  now  drawn  within  the  layer 

*  See  page  427,  the  last  paragraph  of  section  4. 
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(wliicli,  in  the  simple  case  we  have  supposed,  will  be  a  plane 
parallel  to  A),  there  Avill  fly  the  same  number  of  molecules 
per  second  in  both  directions,  across  an  element  8S  of  this  sur- 
face, the  momentum  of  the  two  processions  which  pass  through 
SS  in  a  second  will  be  the  same,  and  their  kinetic  energy  also 
•Avill  be  the  same.  Their  number  Avill  be  the  same  ;  for  other- 
wise the  density  would  be  still  undergoing  change,  and  we 
have  supposed  that  the  period  of  adjustment  is  over.  Their 
momentum  will  be  the  same,  because  the  pressure  is  every- 
where constant ;  and  their  kinetic  energy  is  the  same,  because 
there  is  no  transfer  of  heat  across  S. 

4.  Hence  the  change  of  temperature  and  density  in  passing 
along  8x,  an  element  of  the  normal  to  8S,  must  be  such  as  to 
secure  these  three  conditions.  In  investigating  the  law  of 
this  variation,  Ave  have  to  take  into  account : — 

P,  the  pressure  everywhere  through  the  gas  ; 

0,  the  temperature  (measured  from  absolute  zero)  on  the 
isothermal  surface  S  ; 

p,  the  density  of  the  gas  on  the  isothermal  surface  S  ; 

.V,  the  distance  of  S  from  A  ;  and 

G,  a  quantity  which  changes  from  one  gas  to  another,  but 
is  almost  constant  in  each  gas,  within  a  wide  range  of 
temperature  and  pressure. 

When  the  gas  and  its  tension  are  given,  G  and  P  are  con- 
stants ;  and  p  is  a  known  function  of  G,  P,  and  0.  Hence  only 
two  of  the  foregoing  quantities  are  independent — suppose  0 

and  ^y  instead  of  which  we  may  use  -jj:  and   6.      It  is  easy 

to  see,   by  taking  particular  instances,  that  -j^  and  0  will 

remain  independent  of  one  another,  if  only  two  of  the  condi- 
tions in  §  3  need  to  be  fulfilled  ;  but  if  all  three  have  to  be 
fulfilled,  we  find  by  experiment  that  a  definite  Crookes's  layer 
is  formed,  and  that,  therefore,  in  each  gas  and  at  each  pressure 

j^  is  a  definite  function  of  0.     In  other  words, 

^^=^i0,G,n («) 

in  which  G  and  P  are  constants.  This  furnishes  by  integra- 
tion an  equation  of  the  form 

;*;=  const. +</)(6',  G,P),     .     .     .     .     (/S) 

which  represents  the  law  by  M'hich  the  temperature  must 
change  across  the  layer.  What  we  learn  from  this  investiga- 
tion is,  that,  besides  the  uniform  distribution  of  a  gas  with  the 
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same  temperature  everywliere,  there  is  one  other  permanent 
distribution  possible  (except  at  the  limits),  and  perhaps  only 
one — that  in  it  there  is,  for  each  gas  and  at  each  tension,  a  ilo- 
finito  gradient  of  temperature,  with  its  accompanying  equally 
definite  gradient  of  density  in  the  opposite  direction.  These 
results  might  have  been  arrived  at  in  another  way,  viz.  by  a 
consideration  of  the  effects  of  the  in termolecular  encounters. 

Another  case  in  which  the  three  conditions  will  be  fulfilled 
is  the  familiar  one  of  a  uniform  medium,  in  which  case 

-r- =0,  or  ^=  const (y) 

da;  ^ '  ^ 

But  if  there  is  a  transition  from  one  of  these  distributions  to 
the  other,  as  there  must  be  where  the  Crookes's  layer  is  in  con- 
tact with  the  rest  of  the  gas,  there  will  bo  an  interval  of  com- 
promise, in  which  the  three  conditions  are  not  strictly  fulfilled. 
[Similarly,  they  cannot  be  fulfilled  where  the  Crookes's  layer 
adjoins  the  hot  body  A.  Hence  there  must,  in  the  cases  that 
really  arise,  be  some  escape  of  heat,  which  may  be  small,  but 
cannot  v.anish,  because  discontinuity  is  impossible,  since  the 
length  of  the  mean  path  of  a  molecule  between  its  encounters 
with  other  molecules  is  finite.  Hence,  also,  the  values  of  the 
temperature  at  different  depths  within  the  Crookes's  layer  will 
differ  by  small  amounts  from  those  assigned  to  it  by  equa- 
tion (/S).  It  will  appear,  however,  from  the  next  paragraph, 
that  the  rate  of  cooling  arising  from  these  imperfections  will 
be  very  slow*  ;  and  although  the  heat  that  passes  would  doubt- 
less accumulate  and  ultimately  become  considerable  if  there 
were  no  gravity,  its  presence  will  be  ina})preciable  in  most  of 
the  experiments  we  can  make,  where  the  portion  of  gas  in 
which  the  Crookes's  layer  is  formed  is  being  constantly  re- 
newed by  convection  currents. 

5.  We  have  hitherto  sup])osed  that  the  atmosphere  of  gas 
was  of  sufhcient  extent  to  allow  the  whole  of  the  Crookes's 
layer  to  come  into  existence  ;  but  we  shall  have  entirely  new 
conditions  if  a  body  B  at  temperature  ^2?  which  for  simplicity 
we  may  suppose  to  have  a  large  flat  surface,  is  placed  parallel 
to  A  at  a  distance  less  than  the  thickness  of  an  unrestricted 
Crookes's  layer.  In  this  case  a  compressed^  Crookes's  layer 
will  come  into  existence,  in  which,  as  explained  in  §  16  of  my 
former   papers,  the   density  of  the  gas  must  be  everywhere 

*  For,  the  Crookes's  layer  being  in  this  case  almost  complete,  the  values 
of  A^,  and  Ad.,  (see  §  6)  will  be  exceedingly  small. 

t  /.  e.  confined  between  a  heater  and  a  cooler,  against  which  the  layer 
of  gas  expends  its  Crookes's  stress.  In  witlistanding  this  stress  the  liea'ter 
and  cooler  conijjrcss  iln'  l.iver.  A  compressed  Crookes's  layer  niiglit  <iIso 
be  called  a  laver  if  pnhuizeil  gas. 
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greater  than  at  the  same  distances  from  A  in  the  complete 
Orookes's  layer,  to  preserve  the  lateral  pressure  unchanged. 
Through  each  element  8S  of  an  isothermal  surface  the  mole- 
cules will  still  travel  in  equal  numbers  inwards  and  outwards, 
because  when  the  adjustment  is  once  over,  the  density  of  the  gas 
will  not  anywhere  undergo  further  change  ;  but  the  molecules 
making  their  way  outwards  (/.  e.  from  A  towards  B)  will,  on 
the  whole,  be  swifter  than  those  tending  inwards,  because 
there  should  be  a  complete  Crookes's  layer  to  enable  the  swifter 
class  of  molecules  rebounding  from  A  to  keep  back  the  whole 
of  the  slower  kind  which  constantly  tend  to  crowd  in  (see 
Phil.  Mag.  April  1876,  p.  308,  §§  15,  16,  and  17).  Accord- 
ingly, if  the  molecules  at  any  one  moment  within  an  element  of 
volume  be  considered,  the  portion  of  them  which  form  a  pro- 
cession travelling  inwards  will  now  be  found  more  numerous 
than  those  advancing  outwards,  and  at  the  same  time  so  much 
slower  that  the  momentum  in  the  two  directions  is  the  same  ; 
in  other  w^ords,  there  is  no  molar  motion  of  the  gas,  nothing 
in  the  nature  of  a  wind.  But  that  there  is  a  continual  transfer 
of  kinetic  energy  from  A  to  B  across  the  intervening  gas  is 
evident,  because  members  of  the  procession  of  colder  molecules 
crowding  up  to  A  will  cause  the  temperature  ^i  — A^i  of  the 
inner  surface  of  the  Crookes's  layer  to  be  lower  than  6i,  the 
temperature  of  A  ;  while,  at  the  same  time,  the  members  of  the 
swift  procession  which  reach  B  will  cause  62  +  A^s?  the  tem- 
perature of  the  outside  surface  of  the  Crookes's  layer,  to  be 
warmer  than  d^,  the  temperature  of  B.  The  Crookes's  layer, 
accordingly,  must  acquire  heat  by  its  contact  with  A,  and  im- 
part heat  where  in  contact  with  B  ;  and  as  adjustments  within 
the  layer  are  made  with  a  speed  comparable  with  the  velocity 
of  sound  in  the  gas,  it  is  possible  to  arrange  experiments  in 
which  the  differences  of  temperature  A^i  and  A^2  s^^all  l^ave 
any  amounts  from  0 — when  the  interval  between  A  and  B 
equals  or  exceeds  the  width  of  an  unrestricted  Crookes's  layer, 
• — up  to  values  bordering  upon  i(^i"~^2) — which,  in  the  cases 
where  the  temperatures  61  and  6^  'ii'©  not  for  asunder,  is  close 
to  the  limiting  value  produced  by  diminishing  the  interval  be- 
tween A  and  B,  or  by  attenuating  the  gas. 

Accordingly,  if  the  variations  of  temperature  were  plotted 
down  on  a  diagram,  the  ordinatcs  representing  temperatures, 
and  the  abscissas  distances  measured  perpendicularly  to  the 
isothermal  surfaces  within  the  gas,  we  should  obtain  a  figure 
something  like  that  on  next  page.  It  is  moreover  manifest 
that  the  curve  m  n,  representing  the  variations  of  temperature 
across  the  compressed  or  polarized  Crookes's  layer,  will  ap- 
proximate more  and  more  to  a  horizontal  line  the  greater  the 
tenuity  of  the  gas. 
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G    Some  idea  will  be  formed  of  the  quantity  of  heat  which 

will' pass  from  A  to  B  by  the  process  ^^^^.^^^^^^^^^^  ^^^ 

which  I  would  suooest  the  name  penetration,  by   loiming  an 

Txpresin  which  aims  at  roughly  representing  the  quantity  of 


heat  absorbed  by  the  gas  per  second  from  a  scpare  centimetre 
of  A.     One  such  expression  is  approximately 


(S) 


in  which  V  is  the  velocitv  with  which  the  adjustment  is  made, 
"the  h  It  which  would  raise  a  gramme  of  the  gas  one  degree 
fn  knnporaturo,  and  p,  the  density  (referred  to  w^ater)  of  the 
fTi<5  where  it  is  in  contact  with  A.  ,^,,11,1 

^  To  eet  the  loss  by  penetration  per  second  from  he  ^^dlole 
suifacf  of  the  coohiVbody,  we  have  to  find  the  value  of  the 
integral  T-^  clK,  clA  being  an  element  of  the  surface  of  the 
cooling  body,  and  ^  having  the  value  assigned  to  it  above. 
Tf  the  surface  is  everywhere  equally  exposed  (a  condition  easily 
I  iureTin  making  experiments  with  thermometer-bulbs),  this 

*  To  make  the  formula  accurate,  we  should  write  J  f  taken  between 
the  limits  6,  and  5,  -  A^„  instead  of  ^,  which  is  approximately  its  value 
when  A^i  is  small  compared  with  0,. 
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becomes  simply  A  ^,  or  a  a 

dl'      AV.,,^, (.) 

where  A  is  the  area  of  the  surface  of  the  cooling  body. 

7.  It  will  be  instructive  to  compare  the  loss  of  heat  by  pe- 
netration with  the  quantity  which  is  carried  ofF  by  convection. 
To  estimate  the  latter,  let  fl  be  the  section  of  the  convection 
current,  p  its  average  density,  A^  the  average  excess  of  its 
temperature,  and  v  its  velocity.  Then  the  total  quantity  of 
heat  which  will  be  removed  per  second  by  convection  will  be 

^vcp^ (0 

This  is  to  be  compared  with  (e),  the  expression  for  the  total 
loss  of  heat  per  second  by  penetration. 

Now,  in  the  cases  that  occur  in  laboratory  experiments,  Ao-pj 
is  seldom  many  times  larger  or  many  times  smaller  than  D^ap, 
but  V  is  always  very  much  larger  than  r,  whence  (e)  may  have 
a  value  comparable  with  (^)  while  A^i  is  very  much  less  than 
A^ — in  other  words,  when  the  processions  between  the  opposed 
surfaces  have  but  slightly  different  velocities.  We  learn  from 
this  that  the  escape  by  penetration  may  be  expected  to  mani- 
fest itself  as  soon  as  the  Crookes's  layer  has  become  in  a  mode- 
rate degree  compressed  *.  It  is  also  evident  that  the  coexistence 
of  a  convection  current  will  not  much  affect  the  escape  of  heat 
by  penetration,  inasmuch  as  convection  currents  are  sluggish 
when  compared  with  the  promptness  with  which  readjustments 
are  made  in  Crookes's  layers.  It  is  therefore  worth  while  to 
examine  the  numerous  records  of  experiments  upon  the  velo- 
city with  which  bodies  cool  in  gases,  with  a  view  to  finding 
whether  instances  of  the  escape  of  heat  by  penetration  can  be 
found  among  them. 

Part  II.  Interpretation  of  Experiments. 

8.  Accordingly  I  made  a  search  of  this  kind  last  year, 
shortly  after  the  publication  of  my  two  papers  in  the  '  Philoso- 
phical Magazine,'  but  without  finding  any  records  more  to  the 
purpose  than  those  by  Dulong  and  Petit  of  experiments  with 
hydrogen,  which  will  be  cited  below ;  and  as  these,  taken  by 
themselves,  did  not  seem  sufficiently  decisive,  I  postponed 
publishing  further  on  the  subject  until  I  should  have  leisure 
to  make  experiments  myself.  But  before  this  leisure  came, 
Mr.  Greorge  F.  Fitzgerald  met  with  a  brief  notice  in  Jamin's 
Physique,  of  experiments  by  De  la  Provostaye  and  Desains, 
which  appeared  to  him  to  contain  observations  on  the  pene- 

•  Hence  also  thermal  experiments  maybe  expected  to  explore  Crookes's 
layers  with  more  sensitiveness  than  contrivances  for  manifesting  the  me- 
chanical force  which  is  also  present. 
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tvition  of  licat ;    and  on  rof.'rring  to  th(.   onoinal  niemoirs, 
ti.ition  or  lu.u,  +l,irfv  voars  a<ro    n  the   Comptes 

first  pubhsht'd  more  than  thirty  yeai  ^  a^u  y 

Rendn^    and  afterwards  with   somewhat  more  det  d   m  the 
Ann^del  deChimie*,  I  had  the  pleasure  of  findmg  the  record 
t^Zo^Lo  exiirimental  investigations  -^^^^^Z 
know  to  have  l.een  the  penetration  ot  heat.     At  t^at  time  the 
oxn'rimontal  results  were  regarded  as  anomalous  ;  and  the  only 
con  eZe  which  De  la  Pro^ostaye  and  Dcsains  put  forward  ib 
S'^they  may  in  some  way  depend  on  the  swiftness  of  convec- 
i on  cmSin  attenuatecl  gases  j.     It  is,  however,  easy  to  see 
In    no  sue    increased  swiftness  as  can  exist  will  account  for 
he  or.ei^>d  phenomena.     Mr.  Fit.gerald  was  unable  to  spare 
be  time  necessary  to  follow  up  the  sub  ect,  or  he  would  have 
t^ned  me   n  working  out  tliii  part  of  the  present  memoir  ; 
imt  to  him  is  due  the  whole  credit  of  haying  perceived  the 
po^tanre  of  these  observations,  and  to  his  kn.dness  I  owe 
hi  a  U"ntage  of  having  had  my  attention  directed  to  them 
-xnd  the  p(.rmission  to  make  use  of  them,  as  I  now  do. 

y    i)ulon.   and  Tetit,  experimenting  with  large  thermo- 
met^r-bu  bs'placed  at  the  centre  of  a  hollow  copper  globe  30 
^^LT\n  c  ian.eter,  blackened  on  the  inside  am    kept  at  a 
nS  temperature,  observed  tlie  rate  .it  -]^^^  ^^ 
meter  after  having  been  warmed,  cooled  in  different  gases,  at 
iftl  c'nt  tensions,"and  with  the  bulb  naked  or  coated  in  various 
wav  .  From  thes^  experiments  they  obtained  their  well-known 
empirical  law  for  the  escape  of  heat  by  radiation  and  convec 
t  on      The  expression  whi'ch  they  givec^onsis  s  of  two  tenns 
of  which  one  represents  the  velocity  with  wh.ch  heat  escape 
by  rad  ation,  and  the  other  the  velocitv  with  which  it  escapes 
by  convection,  or,  as  we  shall  presently  see,  in  some  cases  b 
convection  and  penetration.    We  have  here  no  concern  m  ith 
?he  fiiS  of  thesJ  two  terms,  further  than  to  observe  that  the 
escape  by  radiation  is  the  same  at  all  tensions  of  the  gas  and 
for  in  dimensions  of  the  receiver,  and  depends  only  on    he 
character  of  the  surfaces  exposed,  on  ^,  the  teinpera ture  of  the 
coT-per  globe,  and  on  6,-6,  the  excess  of  t<>mperature  of  the 
?her  nometer      For  given  values  of  6,  and  6,  it  was  accord- 
Ingira  c^^^^^^^^^^^^    at  aU  the  tensions  and  with  all  the  receivers 
*  Comptes  Bendus,  vol.  xx.  (1845)  p.  1707  nnd  vol.  xxii   J184fi)  p.  77  ; 

tmarmKTiulementquelepouvoir  refroidissant  d'uu  gaz  d.5pend  de  sa 
1p3  et  Tp  a  mobilit.5.  tes  deux  .^l^nients  varient  ea  sens  inverse 
auanci  on  ctn^e  la  pression,  et  I'on  cons^oit  que  les  ettets  de  ces  variations 
Sraires  pu\ssent  tant6t  s'Jquilibrer,  tantot  se  surpasser  dans  un  sens  ou 


dans  lautre. 
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which  De  la  Provostaye  and  Desains  used,  and  in  the  follow- 
ing diagrams  is  represented  by  the  interval  between  two  hori- 
zontal lines.  This  interval  is,  moreover,  small,  because  De  la 
Provostaye  and  Desains  reduced  the  loss  by  radiation  to  a  very 
small  amount  by  silvering  or  gilding  the  bulb  of  their  ther- 
mometer. 

The  other  term  of  Dulong  and  Petit's  expression,  which  fur- 
nishes the  rate  of  escape  by  convection,  is 

where  p  is  the  tension  measured  in  millimetres  of  mercury, 
K  depends  on  the  gas  and  on  6^  and  0-2,  ^^d  c  was  found  to  be 
nearly  J  when  the  receiver  contained  hydrogen,  but  was  nearly 
^  for  the  other  gases  experimented  on  and  for  atmospheric  air. 
I  will  return  to  the  case  of  hydrogen ;  but  in  tlie  other  gases 
the  velocity  of  the  escape  of  heat  by  convection  with  given 
temperatures  of  the  bulb  and  receiver  will  be  represented  at 
different  tensions  of  the  gas  by  the  ordinates  of  a  curve  not 
differing  much  from  a  parabola,  since  this  would  be  the  curve 
if  the  index  were  exactly  ^  ;  and,  accordingly,  curves  of  this 
kind  are  laid  down  in  the  annexed  diagrams.  It  is  not  ma- 
terial whether  a  large  or  a  small  portion  of  the  parabola  is  in- 
troduced, because  all  parabolas  are  similar. 

10.  By  thus  plotting  down  the  results  of  the  experiments 
upon  diagrams,  we  obtain  the  means  of  seeing  at  a  glance 
how  much  of  the  escape  of  heat  observed  by  De  la  Provostaye 
and  Desains  can  be  accounted  for  by  radiation  and  convection, 
and  how  much  remains  to  be  allotted  to  penetration.  De  la 
Provostaye  and  Desains  made  their  observations  in  three  re- 
ceivers— a  hollow  sphere  of  24  centims.  diameter,  a  hollow 
sphere  of  15  centims.  diameter,  and  a  cylinder  6  centims.  in 
diameter  and  20  centims,  in  height ;  and  they  used  in  all  the 
receivers  the  same  thermometer,  which  had  a  cylindrical  bulb 
7  centims.  long  and  2  centims.  across*.  Accordingly  the  in- 
terval between  the  bulb  and  the  walls  of  the  receiver  ranged 
from  8^  centims.  up  to  11  centims.  in  the  largest  receiver,  from 
4  centims.  up  to  6^  centims.  in  that  of  intermediate  size,  and 
was  2  centims,  in  the  cylinder. 

In  Dulong  and  Petit's  experiments  the  diameter  of  the  re- 
ceiver was  30  centims.,  and  they  used  thermometers  with  sphe- 
rical bulbs  2  and  6  centims.  in  diameter,  so  that  the  interval 
was  either  12  or  14  centims. 

11.  With  atmospheric  air  in  the  largest  receiver  (in  which 

*  The  direction  in  which  the  heat  penetrates,  and  of  the  Crookes's 
stress,  will  be  perpendicular  to  the  isothermal  surfaces  within  the  gas  in 
the  simple  case  which  we  have  hitherto  considered,  where  A  is  parallel  to 
B  •  but  it  will  in  general  pierce  the  isothermal  surfaces  obliquely  if  one 
part  of  the  Crookes's  layer  is  more  curtailed  than  another. 
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a  Crookes's  layer  of  a  width  of  8^  centims.  would  reach  the 
walls  at  two  points,  and  any  wnder  Crookes's  layer  would  be 
curtailed),  De  la  Provostaye  and  Desains  found  that  the  rate 
of  cooling,  or  the  escape  of  heat  per  second,  which  is  propor- 
tional to  it,  was  represented  by  Dulong  and  Petit's  expression 
(which  had  been  based  on  experiments  made  with  intervals 
of  12  and  14  centims.)  until  the  exhaustion  reached  G  millims, 
of  mercury,  but  that,  after  passing  that  tension,  the  rate  of 
cooling,  instead  of  continuing  to  decrease,  remained  sensibly 
constant  between  tensions  of  G  millims.  of  mercury  and  2*8 
millims.  (the  lowest  tension  at  which  they  experimented).   This 
is  represented  on  tig.  2 
by   the    horizontal    line 
from  m  to  n.     In  this 
figure  the  abscissas  re- 
present tensions  in  mil- 
lims. of  mercury,  and  the 
ordinates    of  the    thick 
line   represent   the    ob- 
served  rates   of  cooling 
at  different  tensions  but 
with  constant  values  of 
6i  and  02.     The  part  of 
the  ordinate  between  the 
horizontal    lines    repre- 
sents the  escape  by  radia- 
tion ;  its  continuation  up  to  the  parabola  represents  the  escape 
by  convection ;  and  the  extension  upwards  into  the  shaded  por- 
tion of  the  figure  is  due  to  the  penetration  of  heat  across  the 
Crookes's  layer,  which  evidently  reached  the  walls  of  the  re- 
ceiver when  the  tension  was  reduced  to  about  G  millims.,  and 
was  compressed  when  the  exhaustion  proceeded  further. 

Similarly  with  the  re- 
ceiver of  intermediate  size, 
in  which  a  Crookes's  layer 
of  a  width  of  4  centims. 
would  reach  the  walls,  the 
results  obtained  by  De  la 
Provostaye  and  Desains 
are  represented  graphi- 
cally by  fig.  3.  In  this 
case  heat  leaked  away  by 
penetration  in  appreciable 
quantities  at  tensions 
under  20  millims,  of  mer- 
cury, and  kept  the  total 
Fhil  Mag.  S.  5.  Vol.  4. 
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The  shaded  part  is  to  be  attributed  to  penetration. 
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escape  of  heat  nearly  constant  between  tensions  of  20  and  4 
millims. 

12.  But  the  most  decisive  experiments  were  made  with  the 
cylindrical  vessel,  which  was  the  smallest  of  the  three  receivers. 
In  it  the  interval  between  the  bulb  and  the  walls  of  the 
vessel  was  only  2  centims. 

With  this  vessel  the  rate  of  cooling  was  slower  than  in  the 
two  larger  receivers  at  all  tensions  from  760  millims.,  or  the 
tension  of  an  atmosphere,  down  to  about  45  millims.  This 
seems  to  indicate  that  the  convection  currents  were  impeded 
by  the  form  and  small  size  of  the  cylinder ;  so  that  if  the  or- 
dinates  of  the  parabola  0  r  represent  the  rate  of  cooling  which 
would  result  from  convection  in  a  large  vessel,  the  ordinates 
of  some  lower  curve  such  as  0  m  will  represent  the  rate  due 
to  convection  in  the  cylinder.  The  observations  recorded  by 
De  la  Provostaye  and  Desains  enable  us  to  fix  the  points  vi,  r, 
and  «,  corresponding  to  the  tensions  70,  45,  and  15  millims., 
nearly  in  a  horizontal  line.  They  also  state  that  near  the  ten- 
sion of  6  millims.  the  rate  of  cooling  diminished  with  "  exces- 
sive rapidity,"  but  that  nevertheless  at  a  tension  of  2*8  millims. 
it  still  exceeded  by  a  large  amount  that  which  presented  itself 
at  the  same  tension  in  their  largest  receiver,  and  which  is  re- 
presented in  fig.  2.  These  statements  indicate  that  the  obser- 
vations, if  plotted  down,  would  have  given  a  curve  like  the 
thick  line  of  fig.  4.     It  is  hardly  necessary  to  point  out  that 


if :V*'*  I  ~ 


Due     to 


conve  cttoh. 


Due      to     Aadiationi  I 


vp        410        SO        6,0        ip    Tension. 


the  larger  development  of  the  phenomenon,  and  its  exhibiting 
itself  at  higher  tensions  with  each  diminution  of  the  size  of 
the  receiver,  as  shown  in  the  foregoing  diagrams,  are  in  the 
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most  satisfactory  accordance  with  the  theory  presented  in  this 
memoir. 

13.  If  we  suppose  the  shaded  portions  of  the  ordinates  in 
fig.  3  to  be  moved  vertically  downwards  till  they  abut  upon  a 
horizontal  axis  of  abscissas,  we  shall  obtain  the  curve  in  fig.  5, 


the  ordinates  of  which  represent  the  rate  at  which  heat  escaped 
by  penetration  in  De  la  Provostaye  and  Desains's  cylinder, 
separated  from  the  effects  of  radiation  and  convection. 

We  can  only  compare  this  figure  in  a 
very  general  way  with  the  formula  given 
above  for  the  escape  of  heat  by  penetra- 
tion, viz. 

because  too  little  is  known  of  V,  /aj,  and 
A^i  to  enable  us  to  plot  down  a  curve 
from  this  expression*.  But  we  can,  at 
all  events,  see  that  V  will  be  only  mode- 
rately affected  by  alterations  of  tension, 
that  pi  will  vary  nearly  as  the  tension, 
and  that  as  the  tension  is  diminished  A^i 
will  gradually  rise  from  0  to  a  value 
which  is  nearly  ^(^1  —  ^2)'  Hence  the 
curve  must  be  one  somewhat  like  that  of 
fig.  Gf,  whose  ordinates  first  rise  gradu- 

•  Just  as  the  parabolic  curve  of  convection 
could  not  have  been  plotted  down  from  equation 
(f)>  §  7,  owing  to  the  vagueness  of  some  of  the 
quantities  which  appear  in  it,  viz.  Q,  v,  and  A^. 

t  In  fig.  6,  OB  13  intended  to  represent  a 

Ox-0.. 
portion  of  the  curve  i/=Vo-pi^ — 3—  ,and  OmA 

the  result  of  shortening  its  ordinates  in  the  ratio 
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ally  to  a  maximum  at  a  certain  tension,  after  which  they  fall 
away  to  cipher  if  the  exhaustion  is  continued  indefinitely. 
This  description  agrees  ^^^th  the  form  determined  from  the 
observations  and  which  is  plotted  down  in  fig.  5  ;  so  that  the 
comparison,  though  necessarily  very  imperfect,  lends  support, 
so  far  as  it  goes,  to  the  conclusion  that  the  apparently  anoma- 
lous escape  of  heat  which  De  la  Provostaye  and  Desains  in- 
vestigated was  due  to  penetration, 

14.  Hitherto  I  have  used  only  the  observations  recorded  in 
the  memoir  first  published  in  the  Comptes  Rendus  for  1845. 
In  their  second  memoir,  first  published  in  the  Comptes  Rendns 
for  1846,  De  la  Provostaye  and  Desains  record  observations 
made  with  the  silvered  thermometer  within  their  blackened  cy- 
linder, charged  successively  with  hydrogen,  carbonic  an- 
hydride, protoxide  of  nitrogen,  and  a  mixture  of  air  and 
hydrogen. 

In  carbonic  anhydride  the  results  of  experiments  are  repre- 
sented by  fig.  7*.     In  this  gas  the  total  rate  of  cooling  in- 
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creased  when  the  tension  was  diminished  from  12  to  4  millims. 
This  observation  took  De  la  Provostaye  and  Desains  so  much 

*  Dela  Provostaye  and  Desains  record  the  following  obsei-rations,  from 
whicli  the  curve  in  the  text  has  been  plotted  down,  the  ordinates  being 
drawn  proportional  to  the  reciprocals  of  the  observed  times  of  cooling : — 


Tensions .... 

35  millims.  12  millims. 

4  millims. 

Times. ..... 

m     s            m     s 
19  42           19  38 

m     s 
17  59 

The  reciprocals  are  proportional  to  282,  283,  and  309. 
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by  surprise  that  they  repeated  and  varied  their  experiments, 
till  they  were  fully  satisfied  that  the  existence  of  the  increased 
escape  of  heat  was  proved. 

With  })rotoxide  of  nitrogen  (Nj  0),  a  gas  which  has  the 
same  specific  gravity  as  carbonic  anhydride,  their  observations 
gave  similar  results.  Between  tensions  of  35  millims.  and  12 
millims.  the  total  rate  of  cooling  remained  nearly  constant ; 
and,  as  in  carbonic  anhydride,  it  was  slightly  increased  by 
further  diminishing  the  tension  from  12  down  to  4  millims. 
This  slight  increase  was  less  in  the  protoxide  of  nitrogen  than 
in  the  carbonic  anhydride — about  ^^  of  the  whole  amount  in 
the  former  gas,  about  -^  in  the  latter. 

The  observations  with  these  gases  show  that  the  form  of  the 
curve  represented  in  fig.  5  is  in  an  appreciable  degree  different 
in  different  gases,  and  that  there  are  some  gases  in  which  the 
increase  of  the  escape  of  heat  by  penetration  when  the  tension 
is  decreased  will,  within  certain  limits  of  temperature,  exceed 
the  decrease  of  the  escape  of  heat  by  convection. 

15.  We  now  come  to  the  very  remarkable  results  which 
were  obtained  with  hydrogen.  They  are  plotted  down  in  fig.  8. 
A  Table  of  some  of  the  results  of  the  observations,  and  the 
following  particulars  recorded  by  De  la  Provostaye  and  Des- 
ains  enable  us  to  construct  this  figure.  The  loss  of  heat  by 
radiation  from  the  silvered  bulb  was  only  -^  of  the  whole 
amount  (presumably  at  760  millims.  tension).  The  rate  of 
cooling  at  20  millims.  tension  w^as  found  to  be  ]^  of  that  at 
760  millims.  The  rate  of  cooling  at  a  tension  of  12  millims. 
was  rather  more  than  j^  of  that  at  20  millims.  At  4  millims. 
it  fell  to  about  one  half ;  and  nevertheless,  when  the  rate  of 
cooling  at  this  lowest  tension  w^as  compared  with  that  of  a 
similar  bulb  placed  in  the  open  air,  it  was  found  to  exceed  the 
latter  in  the  proportion  of  4  to  3.  We  thus  get  from  the  ob- 
servations* all  parts  of  the  figure  except  those  entered  in  dotted 
lines.     The  curve  representing  the  loss  by  convection  must  lie 

•  The  following  observations  are  recorded  by  De  la  Provostaye  and 
Desaina : — 


Tensions     

760           477 
millims.    millims. 

57 
millims. 

20 

millims. 

4-4 

miUims. 

Times  of  cooling.. 

m     8         m     s 
12  46       13  20 

m     s 
13  40 

m     s 
14  49 

Ill      s 
27  24 

The  rates  of  cooling  will  be  as  the  reciprocals  of  these  times,  i.  e.  as 
the  numbers  6o2,  625,  610,  562,  and  304  respectively ;  and  to  these  num- 
bers the  corresponding  ordinates  of  the  upper  line  iu  our  figure  have  been 
made  proportional. 
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everywhere  below  the  upper  line  of  the  figure,  and  probably 
lies  considerably  above  the  curve  representing  the  loss  by  con- 
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vection  in  air  ;  it  therefore  occupies  some  such  position  as  the 
dotted  line  of  the  figure.  The  shaded  interval  between  this 
dotted  line  and  the  upper  line  of  the  figure  represents  the 
enormous  escape  of  heat  to  be  attributed  to  the  penetration  of 
heat  across  two  centimetres  of  hydrogen. 

16.  The  observations  previously  made  by  Dulong  and  Petit 
on  the  rate  of  cooling  in  hydrogen  come  here  to  our  aid.  The 
interval  between  the  walls  of  their  receiver  and  the  bulb  was 
12  or  14  centims.;  and  they  found  that,  after  allowing  for 
radiation,  the  rest  of  the  escape  of  heat  within  this  receiver 
charged  with  hydrogen  was  proportional  to  p°'^^ ;  whereas  in 
the  other  gases  examined  it  was  proportional  to  p  in  a  power 
which  differed  slightly  from  one  gas  to  another,  but  was  in 
none  far  from  ^.  The  escape  of  heat  with  which  they  were 
here  dealing,  Dulong  and  Petit  supposed  to  be  wholly  due  to 
convection  ;  but  we  have  now  reason  to  suppose  that,  when 
the  gas  was  hydrogen,  penetration  contributed  largely  to  it,  and 
was  the  reason  why  the  index  of  jo  in  Dulong  and  Petit's  empi- 
rical formula  was  so  different  with  hydrogen  from  its  value 
with  other  gases.     Accordingly,  if  we  plot  down  the  curve 
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in  the  upper  line  of  fig.  9,  to  represent  the  observed  excess  of 
the  escape  of  heat  over  what  was  accounted  for  by  radiation 
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we  may  draw  the  dotted  parabola  crossing  it  somewhere  to 
the  right  of  A,  and  conclude  that  the  convection,  if  it  could 
be  separated  from  penetration,  would  be  represented  by  the 
ordinates  of  such  a  curve,  and  that  the  shaded  interval  between 
the  two  curves  is  due  to  heat  having  leaked  away  by  pene- 
tration, across  even  so  much  as  12  centims.  of  hydrogen. 
Although  we  cannot  assign  the  exact  position  of  the  dotted 
line  until  observations  shall  have  been  made  in  larger  receivers, 
we  can  already  see  the  general  shape  of  the  shaded  space 
which  is  at  present  the  object  of  our  search. 

17.  In  a  mixture  of  air  and  hydrogen  within  the  cylinder, 
De  la  Provostaye  and  Desains  found  that  at  a  tension  of  60 
millims.  the  rate  of  cooling  was  "  mucJi  less  "  than  if  the  hy- 
drogen alone  had  been  present.  From  this,  and  from  the 
observations  plotted  down  in  fig.  8,  it  follows  that  the  Crookes's 
layer  in  such  a  mixture  is  narrower  than  if  all  the  molecules 
present  had  been  hydrogen.  This  accords  with  the  theoretical 
consideration  that  the  members  of  both  the  processions  in  the 
hydrogen  will  be  more  diverted  from  their  course,  and  will 
therefore  transmit  forward  less  of  their  ovm  momentum  and 
vis  viva,  if  some  of  the  molecules  they  encounter  are  the  hea- 
vier molecules  of  other  gases. 

18.  Several  phenomena  observed  by  Grove,  Tyndall,  Mag- 
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nus,  and  others,  have  been  attributed  to  copious  conduction  of 
heat  through  hydrogen.  May  we  not  with  more  probability 
refer  them  to  the  very  remarkable  power  which  hydrogen 
possesses  of  allo-v\nng  heat  to  leak  away  by  penetration? 
From  the  dynamical  theory  of  gases,  it  seems  improbable  that 
any  gas  can  possess  true  conducting-power  in  a  high  degree ; 
and  every  observer  must  have  been  struck  by  the  violence  of  the 
first  chilling  effect  in  some  of  these  experiments,  and  the 
unflagging  energy  with  which  it  is  maintained,  a  promptness 
and  persistence  characteristic  of  penetration,  but  quite  unlike 
the  moderate  initial  effect  and  diminished  subsequent  progress 
which  we  should  expect  from  conduction. 

19.  One  of  the  most  striking  of  these  experiments  is  that 
by  Sir  William  Grove,  which  exhibits  the  cooling  effect  of 
hydrogen  on  a  mre  rendered  incandescent  by  the  passage  of 
an  electric  current ;  and  according  to  the  hypothesis  here 
presented  it  ought  to  be  possible  to  repeat  this  experiment  in 
ordinary  atmospheric  air  by  bringing  the  incandescent  wire 
sufficiently  close  to  a  cool  object.  This  very  instructive  ex- 
periment was  proposed  by  my  son.  Master  Gerald  Stoney,  and 
has  been  successfully  performed  by  him.  He  first  passed  the 
wire  through  a  glass  tube  drawn  out  sufficiently  thin.  The 
effect  could  then  be  seen ;  but  it  was  evanescent,  because  the 
glass  became  rapidly  heated.  No  doubt,  if  the  tube  had  been 
surrounded  by  a  water  jacket,  the  experiment  might  have  been 
made  in  this  way  satisfactorily.  But  he  made  it  in  an  equally 
permanent  fonn,  and  with  greater  ease,  by  simply  bringing  the 
incandescent  wire  close  to  a  tin  can  containing  water,  to  which 
the  heat  leaked  away  abundantly  from  the  wire  when  the  in- 
tervening stratum  of  air  was  sufficiently  thin.  The  effect  is 
best  seen  when  the  wire  is  of  a  dull  red,  on  account  of  the 
ease  with  which  the  eye  detects  the  difference  between  dull 
red  and  darkness.  It  then  becomes  conspicuous  when  the 
inters^al  is  a  millimetre,  and  can  be  perceived  when  the  in- 
terval is  considerably  more.  In  this  experiment  the  can  was 
at  a  slightly  higher  temperature  than  the  room.  On  this 
account,  and  because  a  small  part  of  the  radiated  heat  was 
reflected  back  on  the  wire  by  the  tin,  the  loss  of  heat  by 
radiation  was  less  than  when  the  can  was  away;  moreover 
the  convection  current  was  enfeebled  by  being  both  cooled  and 
obstructed  by  the  neighbouring  obstacle.  Hence  the  true  loss 
of  heat  by  penetration  must  have  been  in  excess  of  that  which 
manifested  itself. 

20.  Another  phenomenon  which  admits  of  explanation  by 
the  theory  developed  here  and  in  my  former  papers,  is  one 
which  is  said  to  have  caused  the  bursting  of  steam-boilers, 
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which  is  familiar  to  us  as  the  way  in  which  a  laundress  tests 
the  heat  of  her  smoothing-iron,  and  which  was  studied  by  M. 
Boutigny  under  the  name  of  the  spheroidal  state  of  liquids. 
If  a  drop  of  water  or  other  cold  volatile  liquid  is  allowed  to 
fall  into  a  smooth  and  sufficiently  hot  metal  dish,  it  continues 
liquid  instead  of  flashing  off  into  vapour,  and  exhibits  an  ap- 
pearance of  great  mobility.  Here  the  liquid  settles  down  upon 
the  Crookes^s  layer  which  envelops  the  metal,  and  reduces 
that  portion  which  is  under  it  to  the  condition  of  a  compressed 
Crookes's  layer.  Now  the  mechanical  peculiarity  of  a  com- 
pressed Crookes's  layer  is,  that  it  exerts  more  force  in  the 
direction  along  which  the  heat  travels  (in  the  present  instance 
up  and  down)  than  in  the  perpendicular  direction  ;  and 
inasnmch  as  the  pressure  sideways  must  continue  to  be  the 
pressure  of  the  atmosphere,  the  excess  of  pressure  upwards 
is  able  to  support  a  weight.  When  we  also  remember  that 
this  excess  of  pressure  would  be  augmented  by  still  further 
curtailing  the  Crookes's  layer,  i.  e.  by  depressing  any  part  of 
the  drop,  we  have  all  the  mechanical  conditions  necessary  for 
the  stable  equilibrium  of  the  drop,  if  only  the  force  rises  to  a 
sufficient  amount  before  the  drop  settles  down  quite  through 
the  Crookes's  layer.  This,  by  the  theory,  depends  altogether 
on  the  difference  of  temperatures  which  can  be  maintained. 
The  first  thermal  eftect  is,  that  the  drop  becomes  warmed  by 
the  radiation  and  penetration  of  heat  from  the  hot  metal  below. 
This  causes  the  liquid,  if  volatile,  to  lose  heat  by  evaporation, 
and,  in  most  cases,  to  lose  a  little  heat  also  by  radiation  to 
surrounding  bodies.  As  the  temperature  of  the  drop  rises, 
the  heat  thus  lost  increases,  while  at  the  same  time  the  heat 
received  from  below  diminishes,  and  if  a  balance  between  the 
two  is  effected  before  the  liquid  reaches  the  boiling-point,  the 
drop  continues  liquid,  the  temperature  remains  henceforth 
unchanged,  and  we  have  before  us  the  striking  spectacle  of  a 
liquid  in  the  spheroidal  state. 

21.  I  have  long  thought  it  likely  that  the  drops  which  may 
be  sometimes  seen  running  over  the  surface  of  a  volatile  liquid 
are  supported  by  compressed  Crookes's  layers  intervening  be- 
tween them  and  the  liquid  on  which  they  float — that  they  are, 
in  fact,  drops  in  the  spheroidal  state  ;  and  the  following  ob- 
servations abundantly  confirm  this  suspicion.  These  floating 
globules  are  easily  formed  when  a  liquid  as  volatile  as  spirits 
of  wine  is  allowed  to  fall  in  drops  of  a  medium  size  from  a 
height  of  about  8  centimetres  into  a  vessel  containing  some  of 
the  same  liquid  moderately   warmed*.      They  can  also  be 

*  A  better  way  to  form  them  is  gently  to  lay  the  drop  as  it  were  with 
a  line  pipette  upon  the  surface  of  the  heated  liquid.      The  drop  when 
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occasionally  produced  by  dropping  the  spirits  of  wine  upon 
water.  And  every  one  is  familiar  with  them  when,  in  some 
states  of  the  weather,  they  roll  about  in  numbers  on  allowing 
water  to  drip  from  an  oar  upon  the  sea.  Recently  they  were 
abundantly  produced  by  splaying  the  water  of  a  neighbouring 
pond;  and  I  took  advantage  of  the  opportunity  to  ascertain 
that  the  conditions  required  by  the  hypothesis  were  fulfilled. 
The  temperature  of  the  air  was  about  J  5°,  that  of  the  surface 
of  the  water  18^°;  and  a  very  dry  breeze  was  blowing,  which 
so  facilitated  evaporation  from  the  drops  *  that  they  probably 
maintained  a  temperature  as  low  as  10°,  a  temperature  which 
my  thermometer  reached  when  I  left  a  damp  weed  in  contact 
with  one  side  of  the  bulb. 

When  globules  of  methylated  spirit  were  formed  upon  a 
beaker  nearly  full  of  the  same  liquid,  which  was  progressively 
warmed,  it  was  found  that,  when  the  air  was  still,  there  was  a 
particular  temperature  at  which  the  drops  were  most  persistent. 
At  this  temperature  some  lasted  for  as  long  as  twelve  or  four- 
teen seconds.  As  the  temperature  rose  beyond  this  point,  the 
atmosphere  of  vapour  impeded  evaporation  and  the  persistence 
of  the  drops  became  less  ;  but  by  gently  blowing  on  the  sur- 
face so  as  to  accelerate  the  evaporation,  it  was  found  possible 
to  keep  some  of  the  smaller  drops  in  existence  for  two  or  three 
minutes  f,  during  which  time  they  very  slowly  dwindled  away 
till  they  were  very  minute,  and  then  suddenly  vanished.  When 
ihe  temperature  of  the  beaker  full  of  spirit  was  allowed  to  fall 
bolow  the  point  above  referred  to,  the  duration  of  the  drops 
also  became  progressively  less  ;  but  they  could  still  be  formed, 
though  short-lived,  at  a  temperature  a  little  below  that  of  the 
room. 

From  this,  and  from  the  circumstance  that  I  succeeded  in 
foi-ming  some  within  a  bottle  of  methylated  spirit  which  had 
been  standing  open  for  a  while,  and  within  which  evaporation 
must  have  been  feeble,  it  is  evident  that  a  drop  can  be  sup- 
formed  can  be  fed  from  the  pipette  and  so  greatly  augmented  in  size. 
When  in  this  way  the  drop  is  made  so  large  as  to  be  veiy  much  flattened 
out,  tremulous  motions  arise  similar  to  those  which  Boutigny  observed  in 
his  spheroidal  drop,  but  less  violent. 

*  The  liquid  on  which  the  drops  rest  is  no  doubt  also  cooled  by  evapo- 
ration, but  in  a  trifling  degree,  because  convection  currents  constantly 
bring  to  the  surface  an  accession  of  wann  liquid  from  below. 

I  In  four  better-arranged  experiments,  since  made  in  the  laboratory  of 
the  Koyal  Dublin  Society  by  Mr.  R.  .T.  Moss  and  myself,  and  of  which 
we  hope  to  give  an  account  to  the  Society,  we  succeeded  in  maintaining 
similar  drops  of  larger  size  formed  on  methylated  ether  for  ten,  fourteen, 
sixteen,  and  twenty-six  minutes,  respectively  ;  and  we  believe  that  it  will 
not  be  difficult,  by  securing  a  greater  constancy  in  the  conditions  indicated 
by  the  theory,  to  prolong  their  existence  very  much  more. 
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ported  with  but  a  slight  difference  of  temperature  between  it 
and  the  liquid  on  which  it  rests.     In  this  respect  the  spheroidal 
state  on  liquids  differs  from  that  in  which  the  drop  rests  upon 
a  heated  solid.      The  difference  of  behaviour  is  probably  due 
to  the  deformation  of  its  natural  spherical  shape  to  which  a 
drop  is  compelled  to  submit  when  it  rests  on  a  rigid  surface. 
Owing  to  this  constraint  the   surface-tension  over  the  drop 
will  force  some  parts  into  closer  contact ;  and,  moreover,  the 
vibrations  which   always  arise  in  this  case  must  tend  to  a 
similar  result.      On  the  other  hand,  when  the  drop  is  resting 
on  a  liquid,  it  settles  tranquilly  into  a  beautiful  concave  socket 
that  can  be  seen  by  looking  at  the  surface  of  the  fluid  from 
beneath.      This  socket  allows  the  globule  to  retain  a  nearly 
spherical  and  therefore  unconstrained  form ;  and,  accordhigly, 
the  opposed  surfaces  come  within    an  approximately  equal 
distance  of  one  another  throughout  a  large  arc.      And  it  is 
evident  that  as  the  whole  pressure  arising  from  the  molecular 
motions  in  the  air  would  support  a  column  of  spirits  of  wine 
11^  metres  high,  it  needs  only  a  very  moderate   Crookes's 
polarization   of  the  stratum  of  air  to  furnish  that  slight  pre- 
ponderance of  momentum  in  a  determinate  direction  which  is 
required  to  support  the  few  additional  millimetres  that  cor- 
respond to  the  weight  of  the  drop.     We  must  remember,  too, 
that  a  drop  may,  under  favourable  circumstances,  outlive  the 
difference  of  temperature,  because  it  would  take  a  sensible 
time  for  so  slight  a  pressure  as  the  weight  of  the  drop  to 
squeeze  the  film  of  air,  when  once  established,  out  of  its  narrow 
chink.     Even  a  heavy  metal  proof-plane  will  float  over  another 
proof-plane,  upon  the  stratum  of  air  entangled  between  them, 
for  a  considerable  time. 

22.  Professor  Barrett  has  called  my  attention  to  another 
unexplained  phenomenon,  of  which  we  can  now  see  the  cause, 
viz.  the  mobility  imparted  to  a  very  fine  powder  (as,  for 
example,  magnesium  carbonate  or  precipitated  silica)  by  heat- 
ing it  in  a  metal  dish.  When  the  dish  is  disturbed  the  powder 
glides  about  as  if  floating  ;  and  it  is  in  fact  floating  on  the 
compressed  Crookes's  layer,  which  will  spring  into  existence 
whenever  the  powder  is  able  by  radiation  to  maintain  a  lower 
temperature  than  the  dish. 

23.  The  communication  of  heat  by  penetration  is  a  very 
familiar  phenomenon  ;  for  when  surfaces  at  different  tempera- 
tures are  brought  into  what  is  commonly  called  contact,  there 
is  usually  a  thin  intervening  stratum  of  air,  except  at  special 
points  ;  and,  accordingly,  the  greater  part  of  the  transfer  of 
heat,  so  long  as  the  difference  of  temperature  is  considerable, 
must  be  effected,  not  by  contact,  but  by  penetration  across  a 
Crookes's  laver. 
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LVII.  The  Spectra  of  Chemical  Compounds, 
By  James  Moser  *. 

IS  spectral  analysis  indeed  entitled  to  be  ranked  as  a  branch 
of  qualitative  analysis  ? 

Is  the  spectrum  of  a  compound  the  sum  of  the  spectra  of 
the  component  elements  ? 

From  an  observation  of  the  spectrum  of  a  compound,  is  it 
possible  to  determine  the  nature  of  the  elements  in  the  com- 
pound, or  has  each  compound  a  characteristic  spectrum  of 
its  own  ? 

The  discoverers  of  spectral  analysis,  KirchhofFand  Bunsen, 
in  their  first  memoir,  said  that  "  differences  in  the  compounds 
of  any  given  metals  have  no  influence  upon  the  position  of 
the  lines  indicative  of  the  presence  of  the  individual  metals." 
This  opinion  has  been  generally  accepted  as  true.  The  possi- 
bility of  each  compound  possessing  a  characteristic  spectrum 
was,  however,  recognized  by  KirchhofF  and  Bunsen.  Else- 
where they  say,  "  It  is  possible  that  the  salts  which  we  vola- 
tilized suffered  decomposition  at  the  temperature  to  which 
they  were  raised  in  the  flame,  and  that  the  lines  which  we 
observed  were  really  due  to  the  presence  of  free  metals  ;  it  is 
possible  also  that  each  chemical  compound  may  show  lines 
other  than  those  caused  by  the  elements  composing  iff* 

The  object  of  the  present  paper  is  to  show  that  each  chemical 
compound  really  possesses  a  characteristic  spectrum  of  its  own. 
A  chemical  compound  is  characterized  by  "  the  difference 
between  its  properties  and  the  properties  of  its  component 
elements  .  .  . ;  the  properties  of  the  elements  are  lost  in  those 
of  the  compound  ;  the  individuality  of  the  elements  has  dis- 
appeared in  the  formation  of  a  new  body  with  new  pro- 
perties "J. 

Those  physicists  who  have  studied  the  subject  now  under 
consideration  have  generally  made  observations  on  emission- 
spectra  only. 

This  method  is  open  to  serious  objection,  and  must  be 
superseded,  if  trustworthy  results  are  to  be  obtained,  by  the 
study  of  absorption-spectra. 

In  studying  the  literatui'e  connected  with  the  spectra  of 
chemical  compounds,  it  is  interesting  to  observe  how  the  ori- 
ginal view  of  Kirchhoff  and  Bunsen  is  gradually  abandoned. 
A.  Mitscherlich  found  that  the  metallic  oxides  and  chlorides, 
when  brought  into  the  flame,  afforded  spectra  different  from 

*  Translated  and  condensed  from  Pogg  Ann.  clx.  pp.  177-199,  by  M. 
M.  Pattison  Muir,  The  Owens  College,  Manchester. 
t  Pogg.  Ann.  cxiii.  381. 
t  Hot'mann,  Einkitung  in  cl.  mod.  Chemie,  Cap.  iii. 
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those  obtained  by  bringing  the  metals  themselves  into  the 
electric  arc.  His  observations  have  been  confirmed  and  ex- 
tended by  Diucon,  by  Lecoq  de  Boisbaudran,  and  by  Lockyer. 
Pliicker  and  Hittorf  obtained  different  spectra  from  such 
non-metals  as  nitrogen,  sulphur,  selenium,  and  carbon,  by 
varying  the  conditions  under  which  the  spectra  were  pro- 
duced. Nitrogen,  for  instance,  showed  two  band-spectra,  and 
one  line-spectrum  ;  compounds  of  carbon  with  oxygen,  nitro- 
gen, and  hydrogen  yielded  five  different  spectra,  which  were 
all  regarded  as  spectra  of  the  element  carbon,  the  differences 

being  attributable  to  the  influence  of  temperature.  Angstrom 
and  Thalen  regarded  the  different  spectra  obtained  by  Pliicker 
and  Hittorf  as  caused  by  the  different  carbon  compounds  exa- 
mined by  them  :  the  line-spectrum  of  nitrogen  they  looked  on 
as  the  spectrum  of  the  element  itself ;  one  of  the  band-spectra 
they  regarded  as  that  of  nitric  oxide ;  the  second  band-spectrum 
they  could  not  explain*. 

Kirchhoff  obtained  different  spectra  from  calcium  chloride 
by  varying  the  conditions  under  which  the  salt  was  volatilized. 
The  spectrum  produced  by  using  an  electric  current  of  very 
weak  intensity  was  the  same  as  that  noticed  when  the  salt  was 
brought  into  the  gas-flame.  By  employing  a  current  of 
greater  intensity,  or  a  flame  of  gas  and  air,  a  different  spectrum 
was  produced.  Mitscherlich^s  experiments,  in  which  he  ob- 
tained the  spectrum  of  calcium  oxide  by  bringing  a  mixture 
of  calcium  and  ammonium  nitrates  into  a  flame  of  gas  and 
air,  and  the  spectrum  of  calcium  chloride  by  volatilizing  the 
chloride  in  a  flame  of  hydrogen  and  chlorine,  seemed  to  point 
to  an  explanation  of  the  phenomena  noticed  by  Kirchhoff. 
The  spectrum  obtained  when  a  current  of  low  intensity  was 
employed  was  probably  due  to  undecomposed  calcium  chloride, 
mixed,  especially  towards  the  close  of  the  experiment,  with 
calcium  oxide  ;  when  a  stronger  current  was  employed,  the 
chloride  and  oxide  were  probably  dissociated,  and  lines  due  to 
the  presence  of  the  elements  began  to  appear  :  this  dissociation 
was  rendered  complete  by  using  a  current  of  great  intensity ; 
the  lines  which  then  appeared  were  entirely  caused  by  the 
elements  in  the  free  state. 

But  the  study  of  emission-spectra  alone  cannot  enable  us  to 
answer  the  question.  Has  each  chemical  compound  a  distinct 
spectrum  of  its  own  ?     Emission-spectra  tell  us  that  the  ele- 

*  Helmholtz  supposes  tliat  the  chemical  atoms  yield  line-spectra,  the 
molecules  (or  complexes  of  atoms)  band-spectra.  In  accordance  with  this 
view,  Pliicker's  nitrog-en-spectrum  of  the  second  order  would  be  caused  by 
nitrogen  atoniS;  and  that  of  the  first  order,  which  was  not  explained  by 

o 

Angstriim  and  Thalen,  by  nitrogen  molecules. 
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ment  whose  lines  we  observe  is  at  one  time  chemically  com- 
bined, and  at  another  in  the  free  state  ;  but  these  spectra  do 
not  allow  us  to  associate  the  presence  of  a  distinct  compound 
with  a  definite  temperature.  If  the  temperatures  at  which 
observations  are  made  be  varied,  Kirchhoff 's  fundamental  pro- 
position forbids  us  to  suppose  that  the  spectra  should  remain 
unaltered. 

But  the  observation  of  absorption-spectra  enables  us,  I 
believe,  to  answer  the  question  already  proposed,  and  to 
answer  it  in  the  affirmative. 

My  experiments  show  that  large  alterations  in  the  mass  of 
material  and  in  the  temperature  are  without  material  influence 
upon  the  absorption-spectra  examined  by  me  ;  hence  the  dif- 
ferences noticed  in  these  spectra  cannot  be  attributed  to  either 
of  those  causes. 

The  question  arises,  whether  absorption-spectra  alone,  with- 
out the  simultaneous  observation  of  emission-spectra,  are  suf- 
ficient to  characterize  chemical  substances.  This  question 
may,  1  think,  be  answered  in  the  affirmative.  The  molecules 
of  some  substance,  iodine  for  instance,  may  be  regarded  as 
vibrating  so  as  to  give  forth  light ;  and  at  the  same  time  they 
may  absorb  a  portion  of  the  white  light  passing  through  them ; 
if  the  temperature  be  decreased  a  point  will  be  reached  at 
which  the  vibrations  will  not  be  sufficiently  rapid  to  produce 
light,  but  the  molecules  will  nevertheless  continue  to  absorb 
light.  But  it  cannot  be  supposed  that  at  this  point  KirchhofTs 
fundamental  proposition  should  cease  to  hold  good. 

The  following  experiments  show  an  analogy  between  absorp- 
tion- and  emission-spectra :  the  former  behave  themselves  at 
low  temperatures  analogously  with  the  latter  at  high  tempera- 
tures ;  changes  in  the  intensity  of  the  absorption-bands  are 
observable  coincident  with  changes  in  mass  and  in  tem- 
perature. 

The  experiments  were  carried  out  with  iodine,  with  bromine, 
and  with  nitrogen  tetroxide.  I  shall  first  describe  those  ex- 
periments in  which  mass  of  material  underwent  variation. 

The  apparatus  was  arranged  so  that  two  spectra  could  be 
simultaneously  brought  into  the  field  of  vision.  Thalen's  ab- 
sorption-spectrum of  iodine  served  as  a  scale  with  which  to 
compare  the  bromine-spectrum.     The  following  numbers  ex- 

Eress  the  wave-lengths  of  the  bromine  absorption-lines.  I 
ave  numbered  the  lines,  beginning  with  that  corresponding 
with  D,  +1,  +2,  &c.  in  the  blue,  and  —1,  —2,  &c.  in  the 
red : — 
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15 

G25-6 

14 

624-2 

13 

617-8 

12 

616-3 

11 

611-7 

10 

610-0 

9 

606-8 

8 

605-1 

7 

602-6 

6 

600-2 

5 

598-8 

4 

595-4 

3 

594-1 

Differ- 
ence. 

1-4 

6-4 
1-5 
4-6 


3-4 
1-3 


-3 

-2 

-1 

+  1 

+  2 

3 

4 

5 

6 

7 

8 

9 

10 


504-1 
591-4 
590-8 
587-5 
583-5 
580-1 
576-5 
573-0 
569-1 
565-8 
562-2 
558-8 
555-5 


Differ- 
ence. 

2-7 
0-6 
3-3 
4-0 
3-4 
3-7 
3-5 
3-9 
3-3 
3-6 
3-4 
3-3 
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Differ- 
ence. 


+  10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


555-5 
552-8 
550-4 
547-6 
545-2 
543-0 
541-0 
539-4 
535-8 
533-8 
532-2 
529-2 
527-8 


2-7 
2-4 
2-8 
2-4 
2-2 
2-0 
1-6 
3-6 
2-0 
4-6 
3-0 
1-4 


In  order  that  the  whole  of  these  lines  should  be  observed,  it 
was  necessary  to  vary  the  thickness  of  the  absorbing  layer. 
For  this  purpose  the  bromine  vapour  was  contained  in  a 
wedge-shaped  glass  vessel ;  the  light  was  allowed  to  pass 
through  the  thicker  part  when  observations  were  made  in  the 
red,  and  through  the  thinner  part  when  observations  were 
made  in  the  blue. 

At  a  temperature  of  about  20°,  the  lines  from  —  1  near  D 
to  +  22  in  the  blue  were  recognizable  with  a  bromine  layer 
10  millims.  in  thickness.  By  increasing  the  thickness  of  the 
layer  the  ichole  of  the  lines  became  more  intense,  and  the  lines 
—  2,  — 3,  to  — 14  in  the  red  gradually  appeared.  The  fine 
lines  appearing  as  shading  in  the  blue  gradually  became  more 
apparent,  extending  towards  the  red  until  the  space  between 
any  two  lines  became  equally  dark ;  continuous  absorption 
thus  spread  slowly  towards  the  red. 

With  a  layer  10  millims.  in  thickness  the  spectrum  between 
the  lines  —1  and  +22  was  obsers^ed. 

With  a  layer  6  millims.  in  thickness  the  spectrum  between 
the  lines  — 6  and  +12  was  observed. 

With  a  layer  8  millims.  in  thickness  the  spectrum  between 
the  lines  —11  and  +8  was  observed. 

Increasing  the  thickness  of  the  layer  thus  produced  an  equal 
(intensifying)  efl'ectupon  all  portions  of  the  spectrum,  but  did 
not  cause  changes  in  special  parts  of  the  spectrum.  Increasing 
the  thickness  of  the  absorbing  layer,  then,  only  caused  the 
spectrum  to  become  more  marked  in  its  character. 

Observations  on  the  absorption-spectra  of  iodine  and  of  ni- 
trogen tetroxide  confirmed  those  made  with  bromine. 

Alteration  of  temperature  produces  different  effects  upon 
different  parts  of  the  spectrum. 
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A  glass  tube  80  millims.  in  length  and  15  millims.  in  width 
was  filled  with  bromine  vapour  ;  no  liquid  bromine  was  pre- 
sent at  the  ordinary  temperature.  The  lines  from  — 1  near 
D  to  +23  in  the  greenish-blue  were  observable.  The  tube 
was  warmed  by  means  of  a  Bunsen's  lamp  :  the  lines  —2,  —3, 
— 4,  to  — 6  became  visible;  the  area  of  total  absorption  ad- 
vanced from  the  blue  end  until  it  reached  the  line  +12.  The 
temperature  of  the  bromine  was  determined  by  observing  the 
melting  of  little  pieces  of  various  metals  brought  into  the 
tube,  to  be  about  350°.  Increasing  the  temperature  had  thus 
caused  the  lines  from  — 2  to  — 6  to  become  visible.  I  have 
already  stated  that  increasing  the  thickness  of  the  bromine 
layer  also  caused  lines  in  the  red  to  appear  :  I  found  by  actual 
experiment  that  an  increase  in  temperature  from  20°  to  350° 
Avas  equal,  in  this  respect,  to  increasing  the  thickness  of  the 
layer  from  15  to  16  millims. 

Analogous  results  were  obtained  with  the  spectra  of  iodine 
and  of  nitrogen  tetroxide. 

The  following  observations  regarding  effects  of  increased 
temperature  relate  to  individual  lines  in  each  of  the  three 
spectra  examined :  these  effects  were  not  produced  by  increa- 
sing the  thickness  of  the  absorbing  layer,  but  only  by  increasing 
the  temperature.  The  two  lines  referred  to  diminished  in  in- 
tensity, and  finally  disappeared,  when  the  temperature  was  in- 
creased, while  the  intensity  of  the  neighbouring  lines,  as  also 
that  of  the  whole  spectrum,  was  increased. 

Bromine,  iodine,  and  nitrogen  tetroxide  were  warmed  in 
sealed  tubes  80  millims.  in  length  and  15  millims.  in  width  : 
the  following  lines  disappeared: — 

(1)  In  the  bromine-spectrum. 

(a)  The  line  +12 ;  the  space  between  11  and  13  gradu- 
ally became  filled  with  fine  lines. 

(h)  Tlie  line  + 15  ;  the  space  between  14  and  16  became 
filled  with  fine  lines. 

(2)  In  the  iodine-spectrum. 

A  line  nearly  in  the  same  position  as  the  bromine-line  15, 
the  space  between  the  two  neighbouring  lines  becoming 
filled  with  fine  lines. 

(3)  In  the  nitrogen  tetroxide  spectrum. 

Three  lines  close  by  C,  standing  out  some  distance  from 
one  another. 
Weiss*  says  that  he  noticed  a  change  in  the  position  of  cer- 
tain lines  in  the  absorption-spectrum  of  nitrogen  tetroxide,  pro- 
duced by  increasing  the  thickness  of  the  layer  of  gas,  or  by  rais- 
ing the  temperature.    My  own  experiments  have  convinced  me 
•  Pogg.  Ami.  cxii.  p.  155. 
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that  Weiss's  observations  are  erroneous.  If  a  poor  apparatus 
be  employed,  the  lines  already  mentioned  in  the  spectrum  of 
nitrogen  tetroxide  a})pear  to  grow  thicker  when  the  tempe- 
rature is  raised ;  the  middle  of  the  lines  appears  to  occcupy  a 
new  position.  But  if  the  same  experiment  be  made  with  a 
superior  a})paratus,  it  is  found  that  a  number  of  new  fine  lines 
have  appeared,  and  that  there  has  been  no  real  alteration  of 
the  position  of  the  original  line. 

Weiss's  so-called  "  change  in  the  position  of  the  lines"  is 
thus  shown  to  be  a  phenomenon  exactly  similar  to  that  which 
occurs  when  the  U  line  is  observed  through  a  good  spectro- 
scope :  instead  of  seeing  one  line,  two  become  ap{)arent. 

These  observations  on  absorption-spectra  enable  us  to  under- 
stand how  valuable  such  spectra  are  in  determining  the  che- 
mical nature  of  any  substance.  Before,  however,  we  can  say 
that  each  and  every  chemical  compound  possesses  a  charac- 
teristic spectrum  of  its  own,  it  would  be  necessary  for  us  to 
observe  a  very  large  number  of  absorption-spectra.  Much 
remains  to  be  done  in  this  direction.  So  far  as  experiment 
goes,  we  know  of  no  facts  which  positively  contradict  the 
assertion  that  for  each  compound  there  is  a  characteristic  ab- 
sorption-spectrum. The  same  absorption-spectrum  is  said  to 
be  common  to  more  than  one  oxid(^  of  chlorine ;  but  we  really 
know  very  little  concerning  the  exact  composition  of  these 
bodies.  Although  I  have  endeavoured  to  show  that  alteration 
in  temperature  and  in  mass  of  material  produces  but  slight 
alteration  in  absorption-spectra,  nevertheless  I  must  not  be 
looked  on  as  denying  the  possibility  of  several  spectra  being 
possessed  by  one  and  the  same  element.  The  experiments  of 
Pliicker  and  Hittorf,  of  Lockyer,  &c.  show  that  certain  ele- 
ments do  possess  more  than  one  spectrum.  The  spectra  ob- 
tained at  low  temperatures  may  probably  be  regarded  as  caused 
by  the  molecules  of  the  elements,  while  those  obtained  at  high 
temperatures  may  be  looked  on  as  caused  by  the  atoms. 

A  systematic  observation  of  absorption-spectra,  with  especial 
reference  to  the  course  of  chemical  change  in  solutions,  would 
certainly  be  of  much  assistance  in  solving  some  of  the  problems 
of  physical  chemistry. 

LVIII.  A  Theoretical  Deduction  of  the  best  Resistance  of  a  Tele- 
graph Receiving-instrument.     By  R.  S.  Brough  . 

THE  information  given  in  the  text-books  regarding  the 
proper  resistance  of  an  electromagnetic  receiving-instru- 
ment to  employ  on  any  telegraphic  circuit  is  meagre  and  in- 
definite.    The  authors  usually  content  themselves  Avith  saying 
*  From  the  Proceedings  of  the  Asiatic  Society  of  Bengal  for  August 
1877.     Communicated  by  the  Author. 

Phil  Mag.  S.  5.  Vol.  4.  No.  27.  Dec.  1877.  2  G 
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that  on  short  circuits  the  instruments  should  be  wound  with 
thick  wire,  while  on  long  circuits  they  should  be  wound  with 
fine  wire. 

Professor  Fleeming  Jenkin,  in  his  '  Electricity  and  Mag- 
netism,' however,  states  that  the  resistance  of  the  receiving- 
instrument  should  not  be  more  than  a  moderate  fraction  of  the 
resistance  of  the  whole  circuit.  In  a  footnote,  he  adds  that 
some  authority  (unnamed)  recommends  that  the  resistance 
of  the  receiving-instrument  should  be  -j^  of  that  of  the  whole 
circuit,  and  remarks  that  this  appears  to  be  a  very  large  value. 

Mr.  Schwendler,  in  his  '  Testing  Instructions,'  published 
under  the  authority  of  the  Director-General  of  Telegraphs  in 
India,  taking  into  consideration  the  influence  of  want  of  perfect 
insulation  of  the  line-wire,  deduces  that  the  resistance  of  the 
receiving-instrument  should  be  ^  of  that  of  the  line-wire. 

The  fact  of  the  matter  is,  that  on  comparatively  short  lines 
and  at  low  speeds  of  signalling  (say  twelve  words  per  minute) 
the  resistance  of  the  receiving-instrument  is  not  of  much  im- 
portance, as  deficiency  of  sensibility  can  be  compensated  by 
increased  battery-power,  and  the  circuit  will  appear  to  work 
equally  satisfactorily  whether  the  resistance  of  the  receiving- 
instrument  be  500  or  2500  ohms. 

In  such  cases  the  general  rule  given  in  the  text-books  is 
sufficient  for  practical  purposes. 

When  we  come,  however,  to  the  case  of  high-speed  signal- 
ling*, or  of  very  long  and  highly  insulated  lines,  the  question 
assumes  a  different  phase,  and  becomes  one  of  great  importance. 

Now  the  best  resistance  for  an  electromagnet  to  be  employed 
as  a  receiving-instrument  on  any  line  has  to  be  considered 
from  two  aspects,  which  may  fitly  be  referred  to  as  the  "  static  " 
and  the  "  kinetic." 

Considered  under  the  first  aspect  the  problem  is  a  purely 
statical  one:  it  is  to  find  the  resistance  of  the  receiving-instru- 
ment which  will  make  its  magnetic  force  a  maximum  when 
a  steady  current  is  flowing  from  the  sending  to  the  receiving 
station.  By  a  steady  current  is  meant  one  which  does  not 
vary  in  strength  with  respect  to  time.  This  problem  is  com- 
pletely solved  and  thoroughly  understood. 

It  can  be  shown t  that  the  magnetic  force  is  a  maximum  for 

*  For  high-speed-  telegraphy,  electromagnetic  receivers  are  being  su- 
perseded by  electro-chemical  receivers,  which  are  fi'ee  from  mechanical 
and  magnetical  inertia. 

t  Blavier,  Annales  TeUgraphiqties,  1858,  p.  234. 


of  a  Telegraph  Receiving-instrumeyU .  451 

whore  r  =  rosistance  of  receiving-instrumont, 

/    =  „  battery, 

k*  =  conduction  per  unit  of  length, 

i*  =  insulation, 
and       I    =  length  of  line. 

If  the  resistjince  /  of  the  battery  may  be  neglected, 

_  i_e-2^\/^r 
r  =  vki 


+  e-2'\/r 


=  measured  resistance  of  line  with  its  distant  end  to 
earth. 

From  this  value  of  r  a  considerable  reduction  has  to  be 
made,  on  account  of  the  thickness  of  the  insulating  covering 
of  tlu^  wire  in  the  receiving-instrument,  according  to  the 
fonnulat 

resistance  of  receiving-instrument  _    diameter  of  bare  wire 
external  resistance  diameter  of  covered  wire' 

Considered  under  the  second  aspect,  the  problem  is  a  kinetic 
one.  Here  the  current  is  not  assumed  to  be  steady  ;  but  the 
influence  of  the  resistance  of  the  receiving-instrument  on  the 
rapidity  of  the  variation  of  the  potential  of  the  line  is  consi- 
dered— that  is  to  say,  its  infiuonce  on  the  speed  of  signalling, 
since  signalling  is  simply  causing  the  potential  at  the  receiving 
end  of  the  line  to  vary  in  some  preconcerted  manner.  This 
problem  has  never  been  completely  solved. 

Sir  William  Thomson,  however,  has  shown  that  when  the 
resistance  of  the  receiving-instrument  is  not  very  great  as 
compared  with  the  resistance  of  a  perfectly  insulated  line,  its 
effect  is  the  same  on  the  speed  of  signalling  as  if  the  line  had 
been  lengthened  by  a  piece  whose  resistance  would  be  equal 
to  that  of  the  receiving-instrument. 

"Sir  William  Thomson  has  further  shown  that  the  speed  of 
signalling  on  any  line  de})ends  on  the  value  for  that  line  of  a 


Let 

A  =  measured  insulation  of  liue,  distant  end  insulated, 


and 
Then 

and 


B  =         „         conduction        „  ,,  to  earth. 


v'a-Vb' 


*  =  -^7^1o&^T7^      ./^' 


ab 

'  =  -¥• 


t  See  Proceedings  of  the  Asiatic  Society  of  Bengal,  June  1877. 
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certain  constant,  which  may  be  called  the  "  retardation  cha- 
racteristic "  of  the  line,  and  the  expression  for  which  is 

RC=^'log,(f); 

where  k  is  the  resistance  and  c  the  capacity  of  the  line  per 
mile,  and  I  is  the  length  of  the  line  in  miles. 

Now  we  see  that  the  value  of  the  RC  increases  as  the  square 
of  the  length  of  the  line ;  and  since  by  increasing  the  resist- 
ance of  the  receiving-instrument  we  virtually  increase  the 
length  of  the  line,  it  is  perfectly  obvious  that,  if  we  make  the 
resistance  of  the  receiving-instrument  unduly  high,  we  may 
increase  the  value  of  the  RC  to  such  an  extent  as  to  impair 
the  signalling-speed  of  the  line. 

It  thus  becomes  clear  that  in  the  case  of  a  very  loiic/  and 
highly  insidated  line  the  best  resistance  for  the  receiving- 
instrument,  as  indicated  by  the  result  obtained  by  examining 
the  problem  under  the  first  aspect  only,  may  be  so  great  as  to 
retard  the  speed  of  signalling. 

I  shall  here  consider  only  the  case  of  a  perfectly  insulated 
line. 

Let  I  =  the  length  of  the  line  in  miles, 

k  =  resistance  per  mile  in  ohms  (supposed  uniform), 
c  =  capacity  per  mile  in  farads  (suposed  uniform), 
and      r  =  the  resistance  in  ohms  of  the  receiving-instrument. 

Then  the  sensibility  of  the  receiving-instrument  is 

M=  const.  X  _^:_!^. 
r  +  kl 

And  assuming  that  the  intercalation  of  the  receiving-instru- 
ment of  resistance  r  in  circuit  has  approximately  the  same 
influence  on  the  signalling-speed  as  increasing  the  length  of 

the  line  by  y  miles,  we  have 

RC=  const.  X  ^^r-^-loff   a). 

Now,  if  it  be  assumed  that  the  efficiency  of  the  receiving- 
instrument  varies  directly  as  its  sensibility,  but  inversely  as  its 
retardative  influence,  then  we  have  the  following  expression 
for  the  efficiency,  namely 

tt'V" 


RE  =  const.  X 


=  const.  X 


(r  +  klf 
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which  is  .a  iiuixiinuni  for 

that  is,  the  resistance  of  the  receiving-instrument  in  tlie  case 
of  a  perfectly  insulated  and  uniform  line  should  be  one  fifth 
of  tlie  resistance  of  the  line  *. 

Taking  into  consideration  the  resistance  of  the  signalling- 
battery,  wliich  has  hitherto  been  neglected,  the  result  is  mo- 
dified as  follows. 

Suppose  we  are  given  a  certain  number  of  cells  (all  of  equal 
electromotive  force  and  resistance)  and  arrange  them  so  that 
the  total  resistiince  of  the  battery  =/;  then  it  may  easily  be 
shown  that  the  total  electromotive  force  of  the  battery  will  be 
proportional  to  v/. 

Thus  the  expression  for  the  sensibility  of  the  receiving- 
instrument  becomes  (employing  the  same  notation  as  before) 

M=  const.  X  -^•^''     ; 
J  +  r  +  kl 

and  the  expression  for  the  retardation  characteristic  becomes 

IIC=  const.   X  _A_-.,-i-i-  log^  (4)  ; 

and,  finally,  the  expression  for  the  receiving-efficiency  of  the 
instrument  becomes  _ 

^^  =  ">"''■  X  (7^&i)3' 

which  has  a  maximum  both  with  respect  to  /  and  to  r,  namely 
for 

r  =  l{f+kl)A 

,.  =  !(,. +H).  J 

These  maxima  conditions  are  simultaneously  fulfilled  by 
r=f=iU. 

*  Singularly  enough,  this  is  the  precise  value  selected,  on  experimental 
grounds,  by  Professor  Hughes. 
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LXI.    On  a  General  Theorem  respecting  Electrical  Injhience. 
By  Professor  R.  Clausius*. 

CERTAIN  reciprocity-theorems  respecting  the  reciprocal 
influence  of  two  conductors  of  electricity  have  already 
been  repeatedly  advanced  by  various  authors.  I  take  leave 
to  communicate  here  a  very  general,  and,  so  far  as  I  know, 
new  theorem,  from  which  several  of  those  theorems  result  as 
immediate  consequences. 

Given  any  number  whatever  of  conducting  bodies  Cj,  C2,  C3, 
^c,  which  act  by  way  of  influence  on  each  other.  These  are  to 
he  charged  loith  electricity  in  two  different  ivays.  In  the  first 
charge  let  the  quantities  of  electricity  present  upon  the  individual 
bodies  be 

Qi,     Q2J     Q3,  &C-J 
and  the  levels  of  potential  thereby  produced  on  the  bodies 

Y„     Y„     V3,  &c.; 
and  in  the  second  charge  let  the  quantities  of  electricity  and  the 
potential-levels  be 

Oi,       O2J       ^3j    &C., 

«Bi,     332,     253,   &c. 
Then  the  folloiving  equation  holds  good: — 
V1O1  +  V2O2  +  V3O3  +  &C.  =33iQi  +  552Q2  +  S33Q3+  &c.     (I.) 
or,  employing  summation-symbols,  more  briefly  icritten, 

2VO  =  2330 (lA.) 

For  the  proof  of  this  ev^uation,  let  us  imagine  an  infinitely 
large  spherical  surface  formed  round  a  point  situated  in  the 
vicinity  of  the  bodies,  and  to  the  infinite  space  lying  between 
the  bodies  and  the  spherical  surface  apply  the  well-known 
equation  of  Green,  while  we  denote  the  two  functions  thei-^in 
occurring  by  V  and  SS,  understanding  by  these  the  potential- 
functions  corresponding  to  the  first  and  second  charges  respec- 
tively.    The  equation  will  then  read : — 


f V 1^  d(o  +  fvASB^T  =  fsS  l^cZo)  +  f S3 AV  dr. 


(1) 


Here  do)  signifies  an  element  of  the  surface  which  bounds  the 
space  we  are  considering,  and  which  consists  of  the  surfaces 
of  the  given  bodies  and  the  infinitely  large  surface  of  the 
sphere  ;  n  is  to  represent  the  normal  erected  upon  the  surface- 
element  (reckoned  positive  in  the  direction  of  the  space  con- 
sidered) ;  and  the  integrals  containing  da>  refer  to  the  total 
limiting  surface.  Futber,  dr  denotes  an  element  of  the  space 
*  Translated  from  a  separate  impression,  commuuicated  by  the  Autlior, 
from  rog'gendorft''s  Annalen,  new  series,  vol.  i.  pp.  493-499. 
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considered,  by  A  is  signified  the  operation  ^  +  ^^2  +  ^^.> 
and  the  integrals  which  contain  dr  are  to  be  extended  over 

*'^^::^  wUr ShXtSS'  methods  of  charging    no 
ele«  i's'ntained  in  this  space  ;  and  consequently  there 
hold  good  in  it  everywhere  the  equations 
^  AV=0  and  A33  =  0, 

by  which  equation  (1)  reduces  to 

\      -bn  J      ^'i 

Tn  this  equation  also  occurs  a  simplification.     Tlie  two  inte- 
grals ar"  aSding  to  the  above,  to  be  taken  over  the  sur  aces 
f  f  the  Lriven  bodies  and  over  the  spherical  surface.     But  now 
if  R  signifies  the  infinite  radius  of  the  spherical  -rface    the 
values  of  V  and  ^  on  that  surface  are  infinitesimal  quantities 
of  the  order  i,  and  the  values  of  the  differential  coefficients 
^  and  —  at  which  the  direction  of  the  normal  coincides 
wUh  that^  of  the  radius  are  infinitely  small  quantities  of  the 
order  i,.     The  products  vf  and  33 1-  are  consequently,  on 
the  spherical   surface,  infinitesimal  quantities  of  the   order 
\.     As  for  the  surface-element  of  the  spherical  surface,  we 

^n  renlace  it  by  the  product  Wda,  if  da  denotes  an  ele- 
ment of  the  soii7angle  at  the  centre  of  the^  spherical  surface. 
Then  ?he  factor  on  both  sides  of  the  equation,  with  which  da 
u"e  iLtS-al  iB  aftected  is  an  infinitesimal  one  of 

the  order  \,  whence  it  follows  that,  of  both  integrals,  the  part 
.Hch  refers  -  ^^^^TtT^-^^ 

nnfv  to  be  referred  to  the  surfaces  of  the  given  bodies.  ^ 
"4  the  suriUce  of  each  body  the  potential-funct.on  is  con- 
«W     hence   for  the  part  of  the  integral  which  refers  to  it,  it 
:^n  be  trn'out  of  th'e  symbol  of  the  integral.     Accordingly 
we  can  write  equation  (2)  thus : 
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in  which  dcoi,  dco-i,  dco^j  &c.  will  be  surface-elements  of  the 
bodies  Ci,  Cg,  C3,  &c.,  and  the  different  integrals  are  to  be  re- 
ferred to  the  surfaces  of  the  respective  bodies. 

Further,  it  is  known  that  a  simple  relation  subsists,  on  the 
surface  of  a  conducting  body  charged  with  electricity,  between 
the  differential  coefficient,  taken  in  the  direction  of  the  normal, 
of  the  potential-function,  and  the  electrical  density.  If,  namely, 
h  and  i)  denote  the  surface-densities  with  the  two  charges,  the 
equations 

™  =  — 47r7i  and  ;;;;—  =  —AttP 
on  O'i 

hold,  and  thereby  (3)  is  transformed  into 

Vi  Jlx/^i  +  V2  J  ^f?«2  +  Vg  J^cZtOa  +  &C.T 

= 33  J  AfZcOl  +  332  J  Ac/ft)2  +  ^3  J /«/«3 -h  &c.  J 

The  integrals  occurring  here  again  are,  however,  nothing 
more  than  the  quantities  of  electricity  present  upon  the  resjiec- 
tive  bodies ;  and  consequently  we  obtain  the  equation  which 
was  to  be  demonstrated  : — 

ViOi  +  V2O2  +  V3O3  +  &c.  =  S5iQi  +  352Q2  +  333Q3  +  &c. 

Now  the  applications  of  this  equation  are  facilitated  by  the 
fact  that  it  can  be  still  further  simplified  under  certain  often 
occurring  conditions. 

If,  namely,  we  consider  the  terms  which  refer  to  any  one  of 
the  given  bodies,  which  may  be  called  C,-,  viz.  the  two  products 

ViOi    and    «,Q.-, 

these  become  in  two  cases  7iil,  so  that  they  can  be  omitted 
from  the  equation.  If  the  body  is  in  conducting  connexion 
with  the  earth,  its  potential-level  remains  at  zero  with  every 
charge  of  the  system ;  consequently  we  have  to  put  for  this 

case 

Vi=53i=0, 

through  which  the  above  products  vanish.  Further,  when  the 
body  is  insulated  and  initially  unelectric,  and  receives,  on 
charging,  no  electricity  from  without,  but  only  through  influ- 
ence undergoes  an  unequal  distribution  of  its  own  electri- 
city, then  its  surface  becomes  in  part  positively,  and  in  part 
negatively  electric,  in  such  wise  that  the  total  electricity  pre- 
sent on  the  surface  remains  7iil.  We  have  consequently  then 
to  put 

through  which  the  above  products  again  vanish.     Accordingly 
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the  folloAving  rule  can  be  laid  down  : — Those  bodies  which 
during  both  charges  are  either  in  conducting  communication 

•  •  •••111*  !• 

with  the  earth,  or  insulated  and  initially  unelectnc,  and  ni 
being-  charged  receive  no  electricity,  may  be  left  out  of  consi- 
deration in  constructing  equation  (I.). 

It  may  now,  as  a  special  case,  be  assumed  that  with  all  the 
given  bodies,  with  the  exception  of  Ci  and  C2,  oue  of  the  two 
conditions  mentioned  occurs.     The  equation  then  reduces  to 

ViOi  +  V202  =  «A  +  252Q2 (5) 

If  this  equation  be  still  further  simplified  by  making  special 
assumptions  respecting  the  behaviour  of  the  bodies  Ci  and  C2, 
we  arrive  at  the  reciprocity-theorems  mentioned  at  the  com- 
mencement. 

We  will  first  suppose  the  two  bodies  insulated  and  initially 
unelectric,  and  assume  that  in  the  first  charging  the  body  Cj 
only  acquires  the  quantity  of  electricity  E,  by  the  influence 
of  which  the  potential-level  V2  is  produced  in  C2,  and  that  in 
the  second  charging  only  the  body  C2  receives  the  quantity  of 
electricity  E,  through  the  influence  of  which  the  potential- 
level  ^1  arises  in  Ci-     In  this  case  we  have  to  put 

Q2=Oi=0,     Qi  =  02  =  E, 

by  which  (5)  is  changed  into 

V2E=25,E, 
or 

V2  =  $Bi (6) 

Consequently  the  potential-level  which  arises  in  C2  through 
Ci  being  charged  with  a  certain  amount  of  electricity,  and 
that  which  arises  in  Ci  through  Cg  being  charged  with  the 
same  amount,  are  equal  to  one  another. 

We  will  make  the  further  assumption,  that  in  the  first 
charging  Ci  is  charged  up  to  the  potential-level  K,  while  C2 
is  connected  to  earth  and  through  influence  receives  from  the 
earth  the  amount  of  electricity  Q2,  and  that  in  the  second 
charging  C2  is  charged  up  to  the  potential-level  K,  while  Cj  is 
connected  to  earth  and  through  influence  receives  the  amount 
Oj  of  electricity.     We  have  then  to  put 

V2  =  35,  =  0,    Vi=:S52  =  K, 

whereby  (5)  is  changed  into 

KDi=KQ2, 
or 

Gl=Q2 (7) 

Consequently  the  amount  of  electricity  which  through  influ- 
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ence  is  collected  on  C2  when  Ci  is  charged  up  to  a  certain 
potential-level,  and  that  which  in  the  charging  of  C2  up  to  the 
same  potential  is  through  influence  collected  on  Ci,  are  equal 
the  one  to  the  other. 

Beside  these  two  conclusions,  here  cited  as  examples,  refer- 
able to  two  very  simple  special  cases,  from  equation  (I.)  many 
other  similar  inferences  can  of  course  be  drawn. 


LX.    On  the  Potential  of  an  Ellipsoid  at  an  External  Point. 
By  Colonel  A.  R.  Clarke,  C.B.,  F.R.S* 

IN  connexion  with  the  subject  of  the  attraction  of  the  earth 
upon  external  objects,  there  is  a  series  which  is  usually 
brought  forward  by  writers  on  astronomy,  viz.  that  which 
results  from  expanding  into  a  series  in  descending  powers  of  r 
the  expression  for  V, 

„_  CCC  dxdydz 

r  being  the  distance  =:(/2-f-^^  +  /i^)^  of  the  attracted  external 
particle  from  the  origin,  a',  y,  z  the  coordinates  of  any  ele- 
ment of  the  mass,  the  density  being  unity  throughout.  Put 
x^ -\- y^  +  z'^  =^  p^ ,  ax  +  ^y  +  <yz  =  a,  where  a,  /3,  7  are  the  direc- 
tion-cosines of  r ;  then  the  radical  in  the  expression  for  V 
may  be  expanded  in  the  form 

1     Qi  .  Q2  .  Q3  . 

— r  — 2"  i"  '"s"  T — r  T  .  •  •  J 

ly,  1^^  r^-'  1^^  ' 

where  Q^  is  a  homogeneous  function  of  x,  y,  z  of  the  degree  i. 
When  the  body  is  an  ellipsoid  referred  to  its  principal  axes, 
the  terms  in  which  i  is  odd  will  disappear  in  integrating  over 
the  volume  of  the  ellipsoid  ;  so  that  in  this  case,  M  being  the 
mass  of  the  ellipsoid, 

V=  ^  +  ^rQ2(^wi+  ^fQ4^m+  if  Q6(im+  . . . ,      (1) 

which  is  the  series  alluded  to.  Lagrange's  investigation  of 
the  terms  (as  far  as  just  written  down)  of  this  series  is  referred 
to  in  Todhunter's  '  History  of  the  Theory  of  Attraction  and 
the  Figure  of  the  Earth,'  vol.  ii.  p.  161.  See  also  Thomson 
and  Tait,  '  Natural  Philosophy,'  pp.  401,  402  ;  Pontecoulant, 
Thdorie  Analytique  du  Systhne  du  Monde,  ii.  p.  233,  where 
the  above  expressiqn  for  the  potential  is  given  as  one  suitable 

*  Communicated  by  the  Author. 
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only  when  r,  as  compared  with  the  dimensions  of  the  attracting 
body,  is  very  large — as,  for  instance,  in  the  investigation  of 
the  disturbance  of  the  moon's  motion  produced  by  the  non- 
sphericity  of  the  earth,  and  of  the  reaction  of  the  same  dis- 
turbing force  on  the  earth,  causing  lunar  nutation  and  preces- 
sion. But  the  fact  is,  that  the  first  two  terms  of  the  series  are 
sufficient  for  any  external  point,  however  near,  provided  the 
square  of  the  earth's  ellipticity  be  neglected  ;  for  the  ratio  of 

the  successive  terms  is  not  of  the  order  -^,  but  — 2 — ?  ^>  ^ 

being  the  semidiametcrs  of  the  earth. 

If  P„  be  Legcndre's  coefficient  of  the  order  n,  then  we  have, 
fi  being  the  cosine  of  the  angle  between  r  and  p, 

consequently 

J  Q,fim  —  \  ¥^p*dm. 

Now  we  require  only  the  even  coefficients;  and  their  values 
(Todhunter's  '  Functions  of  Laplace,  Lame,  and  Bessel,'  p.  4) 
are  : — 

^^=2'"       2' 

^^=274^       274  ^'"■^  274' 
p_7.9.11    e     5.7.9^  ,  .  3.5.7^  ,     1.3.5 
^^-"27476^  "27176'^^  ^  27176'^''  "27476' 
whence  the  values  of  Q,  since  pfi=a;  are 

n  -7-9.il    6     5.7.9a  ,  ,  ,  3.5.7,  ,  .     1.3.5, 

•^'^iTir^"  -2:476^'''>  +2T4r6^'"''    27176 ''• 

For  the  integration  of  Q2  yve  have 

and  there  is  no  difficulty  in  arriving  at  the  equation 
-  M 

SQ,dm=~  j^  \l\'(el-el)  +  F,"(el-e^^)  +  lY'{e^~el)},{2) 
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where  e2=62-c'-^;  el  =  c'-a';  el^a'-U'-,  and  P/,  P/',  P2''' 
are  what  P2  becomes  when  u,  /3,  y  are  respectively  written 
for  II. 

We  may  write  the  next  term  thus, 

Q4 = Ax^  +  B/  +  C^*  +  MxY  +  B'y  V  +  Q'^'x^  +  W, 

where  W  includes  all  terms  in  which  the  exponents  are  odd, 
which  disappear  in  integration.  But  Q^  must  satisfy  the  dif- 
ferential equation 

dx'        dy^        dz^  ^  ^ 

Applying  this  to  Q4,  and  remembering  that  the  equation  is 
identically  true,  we  get  these  equations: — 
6A  +  A'  +  C'  =  0, 
6B  +  A'  +  B'  =  0, 

6C  +  B'+C'  =  0, 
whence 

A'  +  3(     A4B-C)=0, 

B'  +  3(-A  +  B  +  C)  =  0, 

C^  +  3(     A-B  +  C)  =  0. 

On  integrating  the  expression  for  Q^,  after  substituting  these 
values  of  A'',  B',  C,  it  is  to  be  observed  that 

^x'dm  =  ^  Ma* ;     J  xydm  =  ^  Ma'b'', 

with  corresponding  values  for  the  other  integrals.  Also 
A,  B,  C  are  equal  respectively  to  P/,  P/',  T^'",  where  the 
accents  have  the  meaning  already  explained.     Thus  we  get 

jQ,.Zm=-^^^^  {P/^^1  +  P/'^^l  +  P/^^I^?}.  •    (4) 

For  the  next  term  put  Qg  =  Iicr^  +  Igo-*/)^  +  Iso-^p*  +  li/s* ;  and 
then,  expanding,  we  get 

Qe = Ax'  +  Bf  +  Cz'  +  A^xY  +  A2.i-y  +  Ej  ?/ V  +  B.xfz'' 

plus  terms  involving  odd  powers  of  x,  y,  z,  which  disappear  in 
integration.  On  substituting  Qe  in  the  differential  equation 
(3),  which  it  has  to  satisfy,  the  following  relations  are  found 
amongst  the  coefficients  Math  which  we  are  concerned  :■ — 

15A  +  A2  +  Ci  =  0,  6Ai  +  6A2  +  E  =  0, 

15B  +  Ai  +  B2=0,  6Bi  +  6B2  +  E  =  0, 

15C  +  C3+Bi  =  0,  6Ci  +  6C2  +  E  =  0. 
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We  cannot  from  these  six  equations  express  Ai,  A2,  B^,  B2, 
Ci,  C2  in  terms  of  the  other  four  coefficients,  because  on 
comparing  the  sums  of  the  two  sets  of  equations  we  get 
E  =  3()(  A  +  B  +  C)  ;  therefore  we  must  seek  some  simple  rela- 
tion amongst  the  coefficients  that  may  be  used  as  another 
equation.     The  coefficients  are 

A  =Iia"  +  l2«^ +  !,«-  + I4, 

k,  =  15l,u'^  +  UCm'^'  +  ^)  +  U^'  +  20")  +  3I4, 

A,=  16I^u'0'  + 12((5«-/9'-^  +  «')  +  U2u'  +/S"0  +  3I4, 

from  which  the  others  may  be  written  down.  The  simplest 
relation  that  suggests  itself  arises  from  adding  the  three  differ- 
ences Ai  —  A2  +  Bi  —  B2  +  Ci  —  C2 ;  this  is  equal  to 

15Ii(^^-y'0(7'-«^)(«^-/S^)  =  15P.     .     .     (5) 

Also  A  =  P6^  B  =  P/':  C  =  P/'^  the  accents  having  the 
meaning  already  explained.     Thus  we  get 

|Ai=     P,+   P/-3F/'-  P,''^ 

fA2=-Po-3P/+   P/'-  P/'', 

fBi=      P,-    Pe'+    Pe'^-SP/^ 

|B2=-Po-     P/-3P/'+     P6% 

f  Ci=      Po-3Pe'-    P,''+    P/'', 
|C2=-Po+   P/-  P/'-3P/^ 

These  liave  to  be  substituted  in  Qg,  with  the  following  valines 
for  the  integrals  : — 

•J  O  •  i  •  9)  *■  0.1.  t/ 

M 


The  result  is 

+  F,-'eX(e'-el)  +  Fey,el}.      (6) 

The  sequence  of  the  terms  (2),  (4),  (6),  which  complete  the 
series  (1)  as  far  as  written  down,  is  very  remarkable,  and  sug- 
gests the  idea  that  possibly  an  expression  might  be  obtained 
for  the  general  term.  When  the  ellipsoid  is  one  of  revolution, 
so  that  c  =  b,  and  e^  =  c^  —  a^, 

v_M/i_llv  f!  ,  _3P/  £.'_i5L.  £!^    I 

r  \  3.5   '7-2  "^   5.7   'r^       7.9   '  r^ '^ '  "  J  • 
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LXI.  A  Modification  of  Dumas's  Method  of  Determining 
Vapour-Densities.     By  J.  Habermann*. 

AS  the  significance  of  the  knowledge  of  the  vapour-den- 
sities of  substances  in  relation  to  the  doctrine  of  modern 
chemistry  is  gradually  being  more  fully  recognized,  chemists 
are  striving  to  simplify  the  methods  of  Gay-Lussac  and  Dumas 
(the  two  chief  processes  at  present  in  use  for  obtaining  such 
knowledge),  and  at  the  same  time  to  render  them  more  accurate 
and  of  wider  applicability. 

In  the  year  1862,  H.  SchifF,  in  describing  a  modification  of 
Gray-Lussac's  method,  says,  "  In  spite  of  all  the  improvements 
which  have  hitherto  been  proposed,  chemists  seem  to  prefer 
to  adopt  the  method  of  Dumas  in  making  determinations  at 
low  temperatures."  At  the  present  time,  however,  the  opposite 
appears  to  be  the  case. 

Since  the  time  of  Hofmann's  improvement  of  Gay-Lussac's 
method,  the  efforts  of  chemists  towards  perfecting  the  modes 
of  determining  vapour-densities  have  principally  been  di- 
rected to  removing  the  disadvantages  connected  with  the 
Hofmann-Gay-Lussac  method,  and  to  making  it  applicable  to 
bodies  which  boil  at  a  high  temperature.  As  a  result  of  these 
investigations,  we  have  existing  at  the  present  time  no  less  than 
three  memoirs  relating  to  the  subject. 

The  last  publications  treating  of  improvements  of  Dumas's 
method  were  made  some  years  ago  by  Deville  and  Troost,  and 
Bunsen.  The  object  of  the  two  first-named  investigators  was 
to  extend  the  limit  of  temperature  to  which  the  method  is 
applicable  beyond  the  boiling-point  of  zinc.  Bunsen  so  varied 
the  process  that  by  his  modification  it  is  possible  to  obtain  the 
vapour-densities  of  bodies  by  a  determination  depending 
merely  on  two  weight-differences  ;  and  this  can  be  done  with  a 
degree  of  accuracy  hitherto  hardly  known.  The  care  and 
attention  needed  in  carrjdng  out  this  method,  however,  are 
increased  in  a  ratio  corresponding  to  this  accuracy  ;  and  in 
consequence  the  modified  process  up  to  the  present  time  has 
not  been  very  generally  adopted,  more  especially  as  it  fails  to 
remove  certain  important  disadvantages  of  the  original  method. 
Later  suggestions  for  improvement  in  this  direction  are  entirely 
wanting ;  and  in  consequence,  whenever  practicable, the  method 
of  Dumas  is  dispensed  with,  since,  to  quote  Victor  Meyer,  "  it 
necessitates  a  loss  in  material  of  about  three  grams,  and  is  there- 
fore not  easily  applicable  to  the  greater  number  of  newly  disco- 
vered bodies."  Moreover,  since  it  requires  a  temperature  greatly 
exceeding  the  boiling-point  of  the  substance,  the  determination 
*  Freely  translated  from  Liebig's  Annalen,  June  9, 1877,  by  John  I.  Watts.  ^ 
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of  the  vapour-density  becomes  impossible    in  the  case  of  a 
number  of  bodies. 

It  nmst  appear  rather  surprising  that  no  attempt  has  been 
made  to  extend  to  Dumas's  method  the  same  artifice  which 
Hofmann  has  so  successfully  applied  to  that  of  Gay-Lussac — 
namely,  to  make  the  determination  of  the  density  of  the  vapour 
under  diminished  pressure.  I  have  made  such  an  attempt,  and 
believe  that  I  have  succeeded  by  very  simple  arrangements  in 
proving  that  it  is  possible  : — 

(1)  to  mak(;  a  determination  of  a  vapour-density  by  Dumas's 
method  with  less  than  a  gram  of  the  substance  ; 

(2)  to  recover  without  difficulty  the  greater  part  of  the 
substance  employed,  free  from  impurity; 

(3)  to  effect  the  determination  at  a  temperature  which  need 
never  exceed  the  boiling-point  of  the  substance. 

In  the  execution  of  the  experiments  about  to  be  described, 
which  were  made  with  bodies  whose  boiling-points  extended 
up  to  250°,  there  were  needed,  in  addition  to  the  glass  balloon, 
a  moderately  large  thick-walled  bulb-tube,  an  aspirator  with 
a  mercury  manometer,  a  thermometer,  a  barometer,  and  an 
oil-bath— things,  therefore,  which  are  hardly  wanting  in  any 
laboratory. 

It  is  scarcely  necessary  to  say  any  thing  with  respect  to  the 
glass  balloon  ;  for  if  suitable  for  Dumas's  method,  it  is  equally 
applicable  to  the  modified  process.  It  may  conveniently  have 
a  capacity  of  from  250  cubic  centims.  to  300  cubic  centims., 
although  (as  the  examples  show)  it  may  be  considerably  less. 
The  neck  of  the  balloon,  which  should  previously  be  carefully 
cleaned  and  dried,  is  drawn  out  to  a  capillary  tube  2  millims.  in 
diameter,  of  suitable  length,  and  as  thick  as  possible  in  its  wall. 
The  capillary  tube  is  twice  bent,  in  a  manner  which  will  be 
perfectly  evident  from  the  figure  (p.  465).  The  position  of  the 
two  bondings  is  dependent  upon  the  size  of  the  balloon  and 
the  diameter  of  the  vessel  used  for  the  oil-bath  ;  matters 
should,  however,  be  so  arranged  that  when  the  balloon  is 
sunk  in  the  bath  the  second  bending  just  appears  above  the 
opening  of  the  vessel  and  near  its  edge.  At  this  bend  the 
capillary  tube  constituting  the  neck  is  to  be  further  con- 
stricted'^to  a  diameter  of  1  millim  ;  the  open  end  of  course 
can  be  closed  before  the  blowpipe.  Tlie  bulb-tube  employed 
as  the  receiver  is  also  bent  to  an  obtuse  angle.  The  portion 
of  the  tube  containing  the  bulbs  is  so  drawn  out  at  the  end, 
that  the  thick  caoutchouc  tube  of  the  pump  can  be  conveni- 
ently pushed  over  it  ;  whilst  the  end  of  the  shorter  arm  is 
adapted,  by  a  short  length  of  sufficiently  stout  caoutchouc 
tube,  to  the  balloon. 


464        M.  J.  Habermann  on  a  Modification  of  Dumas's 

The  experiments  are  carried  out  in  precisely  the  mode  de- 
scribed by  Dumas  ;  that  is,  the  balloon  filled  with  air  is  weighed, 
the  barometer  and  thermometer  are  noted,  and  all  the  other 
well-known  precautions  which  influence  the  accuracy  of  the  re- 
sults are  taken.  About  a  gram  of  the  substance  is  introduced 
into  the  balloon  in  the  ordinary  way ;  it  is  then  clamped  between 
two  iron  rings  in  the  position  indicated  in  the  figure,  and  sunk 
to  a  suitable  depth  in  the  bath.  The  bending,  a,  of  the  capil- 
lary neck  must  be  in  proximity  to  the  edge  of  the  vessel  and 
yet  above  it.  The  open  end  of  the  capillary  tube  projects  beyond 
the  edge  of  the  vessel  without  touching  it,  and  is  inclined 
upwards.  One  end  of  the  bulb-tube  is  connected  with  the 
pump,  and  the  other  end  with  the  capillary  neck  of  the  balloon 
by  means  of  the  caoutchouc  tube,  in  such  a  manner  that  about 
1  centim.  of  the  caoutchouc  tube  is  within  the  bulb-tube. 
The  position  which  the  bulb-tube  assumes  will  be  evident  from 
the  figure.     It  may  be  supported  on  a  movable  stand. 

If  the  caoutchouc  connexion  at  b  is  suitably  adjusted,  which 
is  very  easily  effected,  and  the  connexion  with  the  pump  made 
with  care,  the  apparatus  will  be  air-tight,  and  the  experiment 
may  be  commenced.  The  small  balloons  are  evacuated  up  to 
a  pressure  of  500  millims.,  the  larger  to  600  millims.  and  up- 
wards, as  indicated  on  the  manometer ;  the  cock  d  is  then  closed 
and  heat  is  applied. 

The  liquid  in  the  balloon  is  rapidly  heated  until  it  com- 
mences to  boil,  which  is  readily  known  from  the  passing  of 
drops  over  into  the  receiver;  and  the  flame  is  so  regulated  that 
the  temperature  of  the  bath  rises  about  1°  in  from  1  to  2 
minutes.  When  the  thermometer  in  the  oil-bath  indicates  a 
temperature  about  10°  or  20°  below  the  boiling-point  of  the 
substance  employed,  the  evacuation  is  reinstituted  until  the 
mercury  column  in  the  manometer,  which  meanwhile  will 
have  fallen  a  few  centimetres  in  consequence  of  the  higher 
temperature  and  the  vapour- tension,  has  risen  to  its  ori- 
ginal height,  the  portion  of  the  capillary  tube  projecting  out 
of  the  bath  up  to  the  bend  a  being  bathed  uninterruptedly  in 
the  liquid  of  the  bath. 

When  the  thermometer  in  the  oil-bath  nearly  indicates  the 
boiling-point  of  the  substance,  the  neck  at  c  is  softened  by 
means  of  the  blowpipe-flame  and  the  balloon  is  sealed  by 
drawing  away  the  bulb-tube,  which  under  the  given  circum- 
stances can  be  done  with  great  ease  and  without  risk  to  the 
experiment.  Of  course,  the  temperature  of  the  oil-bath  and  the 
heights  of  the  manometer  and  barometer  are  at  the  same  time 
noted.  I  have  never  perceived  in  my  experiments  that,  at 
the  temperature  of  sealing,  liquid  still  distilled  over  out  of 
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the  balloon.  The  facility  with  which  the  balloon  can  be 
sealed  uj)  is  not  among  the  least  of  the  advantages  of  niy  mo- 
dification. On  softening  the  glass  at  c  by  means  of  the  blow- 
pipe-flame, the  capillary  tube  immediately  collapses  by  the 
pressure  of  the  air  ;  :ind  the  fine  glass  threads  formed  by  the 
withdrawal  of  the  bulb-tube  can  easily  be  melted  before  the 
flame  into  a  bead.     The   readintj-ofl"  of  the  manometer  needs 


no  particular  hurry,  l^ecaiise  its  height  is  comparatively  fi^cd 
by  the  willidnnval  of  the  bulb-tube. 

The  height  of  the  manonVoter  having  been   read  olf,  the  air 
Phil.  Ma,j.  ^.  .3.  A^ol.  4.  No.  27.  Dec.  1877.  2  H 
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is  admitted  into  the  receiver,  and  the  rest  of  the  process  carried 
out  as  directed  by  Dumas. 

"\A^ith  substances  of  comparatively  high  melting-points  and 
which  on  cooling  rapidly  solidify,  like  benzoic  acid,  it  is  ad- 
visable to  make  a  slight  alteration. 

The  neck  of  the  carefully  cleaned  balloon  is  not  to  be  drawn 
out  into  a  capillary  tube,  but  simply  narrowed  to  the  dimen- 
sions above  given,  and  connected  directly  with  the  aspirator. 
There  is  then  no  danger  of  the  solidifying  distillate  stopping 
up  the  neck  of  the  tube,  as  the  solidification  can  only  take 
place  in  that  part  of  the  neck  of  the  balloon  which  is  situated 
outside  the  oil-bath,  where  the  substance  can  easily  be 
again  liquefied  by  means  of  a  spirit-lamp. 

Scarcely  any  remark  is  necessary  respecting  the  calcula- 
tion. Suffice  it  to  say  that,  in  the  reduction  of  the  volume 
from  the  temperature  at  which  the  sealing  is  made,  I  take, 
instead  of  the  barometric  pressure,  the  ditFerence  between  that 
and  the  reading  of  the  manometer. 

The  degree  of  applicability  of  the  method  here  described 
may  be  judged  of  by  the  following  examples ;  I  will  merely 
premise  that  the  time  needed  for  the  estimation,  from  the 
moment  in  which  the  balloon  filled  with  air  is  weighed,  is 
scarcely  more  than  an  hour. 

First  Experiment. — Anhvdrous  Acetic  Acid.     Boiling-point 
'  137^. 

Amount  of  substance  employed O'G  grm. 

Weight  of  the  balloon  filled  with  air  (P)  ...     18"9572  gnus. 

Height  of  the  barometer  (B) 738*5  millims. 

Temperature  (f) 16°-6  C. 

Weight  of  the  balloon  filled  with  vapour  (Pi)     18"9340  grms. 

Height  of  the  manometer  (M)  488  millims. 

Height  of  the  barometer  (Bi)    738*5  millims. 

Temperature  (O     134°  C. 

Capacity  of  the  balloon  (V)  120'5  cub.  cent. 

Residual  air 0'5  cub.  cent. 

Calculated.  Found. 

Vapour-density   3*53G  3*528 

Second  Experiment. — Aniline.     Boiling-point  181°  C. 

Amount  of  substance  employed  0*92  grm. 

P  =45-7G06  grms.,    B  =744*5  millims.,     t  =   16°*2  C. 
Pj  =  45*5770grms.,    Bi  =  744*5  millims.,     ^1=108°  C. 

M  =  553  millims.,     Y  =  353*8  cubic  centims. 
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Calculated.  Found. 

Vai)()ur-donsity   3-224  3*300 

'riiird  K>-peri)iu'nt. — Benzoic  Acid.     Meltin<r-point  120°  C. 
PuriKod  by  r(^pejit(!d  .sublimation. 

Amount  of"  substance  employed  0*83  grm. 

P  =3<J-14«8  gnns.,     B  =745      millims.,     t  =    17°  C. 
Pi  =  38-9430  grms.,     J5i  =  745-5  millims.,     <i  =  22t)°  0. 

M  =  ()05  millims.,     V  =  330-8  cub.  cent. 

Calculated.  Found. 

Vapour-density  4*2042  4-31i8 

Fourth  I'lepi'riitv'iil. — Dimiithvllivdroc^iiiuon,      Boiling-point 
204°  to  205°  C. 

Amount  of  substance  employed  0-73  grm. 

P  =44-3440  grms.,     B  =745  millims.,     t  =    17°-5  C. 
Pi  =  44-PJ35  grms.,     Bi  =  744  millims.,     /i  =  201°  C. 

M  =  575  millims.,     V  =  352  cub.  cent. 
Residual  air —  =      1-5   ,,        ,, 

Calculated.  Found. 

A^ipour-dcnsity  4-772  4-741 

Fifth  Kxpeyiiiwnt. — Dimetlivlresorcin.      Boiling-point  214° 
to  215°  C. 

Amount  oi"  substance  employed  0-5  grm. 

P  =34-3014  grms.,     \\  =744  millims.,     t  =    17°  0. 
Pi  =  34-131    grms.,     Bi  =  744  millims.,     /i  =  211°C. 

M  =  (!05  millims.,     V  =  2()()  cub.  cent., 
Kesidual  air =      3-()       „ 

Calculated.  Found. 

Vapour-density   4-772  4-09 

Sixth  Experiment. — Dimetliylresorcin. 

P  =37-102    grms.,     B  =744  millims.,     t  =■■    I7°-(5  C 
Pi  =  3()-8744  grms.,     Bi  =  744  millims.,     /i  =  211°-5C. 

]M  =  (;7()  millims.,      V  =  2()5-()  cub.  cent. 

Found. 
Vapour-density 1  •  705 
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The  product,  as  proved  by  analysis,  still  contained  some 
monomethylresorcin. 

The  preceding  data  are  sufHcient,  to  my  thinking,  to  prove 
the  usefulness  of  the  moditied  Dumas's  method  of  vapour-den- 
sity determinations  ;  my  etforts  will  noAV  be  further  directed 
to  making  this  modification  applicable  to  cases  where  both  the 
oil-bath  and  the  mercury  thermometer  are  inapplicable. 
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ON  THE  MAGNETIZATION  OF  STEEL  TUBES.      BY  J.-M.  GAUGAIN. 

TF  into  a  magnetized  steel  tube,  at  the  ordinary  temperature,  a  cy- 
-■-  lindrical  core  of  the  same  metal  iu  the  neutral  state  be  introduced, 
and  again  talven  out  after  the  lapse  of  a  few  moments,  it  will  be 
found  to  be  magnetized  in  the  same  direction  as  the  tube.  But  if, 
after  placing  the  core  in  the  tube,  we  heat  the  system  with  a  lamp 
so  as  to  raise  its  temperature  to  about  300°,  let  it  cool  again,  aud 
after  cooling  separate  the  tube  from  the  core,  we  hud  tliat  the  tube 
has  lost  a  great  part  of  its  previous  magnetism,  and  that  the  core 
has  acquired  a  contrary  magnetization. 

I  suppose  that  even  at  the  ordinary  temperature  the  core  takes 
a  magnetization  the  inverse  of  that  of  the  tube  as  long  as  it  remains 
withiu  the  latter ;  but  Mhen  we  come  to  take  it  out,  friction  is  in- 
evitably produced,  the  result  of  which  is  the  reversal  of  the  direction 
of  the  magnetization.  If  things  happen  otherwise  when  we  operate 
at  an  elevated  temperature,  it  is  because,  on  the  one  hand,  the  in- 
verse magnetization  developed  in  the  core  by  the  influence  of  the 
tube  is  considerably  augmented  by  the  heating,  and,  on  the  other, 
the  direct  magnetization  developed  at  the  moment  of  separation  of 
the  tube  and  the  core  is  weakened,  the  tube  having  lost  the  greater 
part  of  its  magnetism  when  the  separation  takes  place.  In  conse- 
quence of  both  these  circumstances  the  in^erse  magnetization  re- 
mains predominant. 

Altogether  analogous  effects  to  those  just  indicated  are  produced 
when  a  magnetized  core  of  steel  is  introduced  into  a  tube  of  the 
same  metal  in  the  neutral  state  :  if  the  operation  takes  place  at  the 
ordinary  temperature,  the  tube  is  fomid,  when  separated  from  the 
core,  to  be  magnetized  in  the  same  direction  as  the  latter ;  but  if 
the  system  be  heated  and  the  tube  be  not  separated  from  the 
core  until  after  cooling,  the  tube  will  have  acquired  the  inverse 
magnetization. 

For  the  heating  of  the  system  to  develop  this  inverse  magnetism 
in  one  of  its  parts  (tube  or  core),  it  is  not  indispensable  that  this 
part  shall  be  in  the  neutral  state.  When  the  two  parts  are  mag- 
netized in  the  same  direction,  but  unequally,  and  there  is  sufficient 
difference  between'  their  magnetizatious,  the  feebler  of  these  is 
reversed  when  the  system  is  heated. 
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Let  us  now  consider  the  case  in  which  the  system  t'ormccl  ot"  a 
tube  and  a  core  ot"  steel  in  the  neutral  state  is  magneti/x'd  by  Elias's 
process.  If  the  magnetization  is  effected  at  the  ordinary  tempera- 
ture, we  find  that  the  tube  and  core,  separated  from  one  another, 
are  magnetized  in  the  same  direction  ;  this  was  verified  by  AI.  Jamin 
{Oomjdes  ll.'udas,  Feb.  15,  1875).  The  same  result  is  again  ob- 
tained when  the  system  is  magnetized  at  a  high  temi)erature 
(^300-400  ),  and  the  tube  and  core  separated  immediately  after  the 
magnetization  is  effected  ;  but  when,  after  having  magnetized  the 
system  while  hot,  we  leave  the  tube  and  con;  to  cool  in  contact 
with  one  another,  we  find,  on  separating  them  w  hen  quite  cold,  that 
tliey  are  generally  magnetized  in  directions  the  one  the  inverse  of 
the  other  ;  it  is  only  in  a  particular  case  that  they  are  both  magne- 
tized in  the  same  direction.  The  sign  of  the  magnetization  varies 
with  the  thickness  of  the  tube,  the  coercive  force  of  the  steel,  and 
the  intensity  of  the  current  used  for  developing  the  magnetization. 

1  have  performed  a  first  series  of  experiments,  on  tubes  whose 
thicknesses  were  \,  4,  |,  and  1  millim. ;  each  of  these  tubes  was  10 
millims.  in  exterior  diameter,  and  about  '600  millims,  in  length. 
They  had  been  drawn  and  manufactured,  as  well  as  the  cores  with 
which  they  were  supplied,  of  steel  known  in  connnerce  under  the 
name  of  "  soft  Petin-Godet." 

The  following  Table  contains  the  results  obtained  in  operating 
upon  the  tube  half  a  millimetre  in  thickness. 


I. 

.M. 

M'. 

///. 

Ul. 

3-4 

-t-   4-0 

+    8-U 

-    1-.-) 

+   5-0 

7-5 

-h20-0 

_|-22-2 

+  '2-r> 

+   2-5 

14-5 

-I-56-0 

-1-21-0 

+  17-2 

-  15-0 

!iO-0 

-1-80-U 

+  27-0 

+  28-2 

-2.5-1 

20-0 

-I-80-0 

-\-m-2 

+  28-0 

-28-0 

88-0 

+  87-0 

+  34-0 

+  24-0 

-29-5 

The  numbers  in  the  column  marked  I  represent  the  intensities 
of  the  current  made  use  of  to  effect  the  magnetization.  The  letters 
M  and  M'  designate  respectively  the  values  of  the  magnetisms  of 
the  core  and  the  tube  when  these  are  measured  immediately  after 
the  magnetization  effected  before  the  cooling  ;  while  m  and  m  de- 
note the  values  of  the  magnetisms  of  the  core  and  tube  respectively, 
measured  after  the  cooling  of  the  system.  I  regard  as  positive  the 
dirt^ct  magnetization,  and  as  negative  the  inverse.  1  call  direct 
magnetization  that  which  \\ould  be  communicated  by  the  current 
at  the  ordinary  temperature,  whether  to  the  tube  or  to  the  core. 

On  inspecting  the  Table  we  see  that  the  magnetism  m  of  the  core, 
at  first  inverse  for  the  very  feeble  current  1  =  3-4,  becomes  direct 
when  the  intensity  of  the  current  augments,  and  that,  on  the  con- 
trary, the  magnetism  m  of  the  tube,  direct  with  the  currents  3-4 
and  7*5,  becomes  in^■erse  for  currents  of  greater  intensity. 

These  results  may  be  regarded  as  consequences  of  a  more 
simple  fact,  which  1  have  noticed  at  the  commencement  of  this 
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Note.  In  fact,  from  the  preceding  Table  it  follows  that  the  core 
and  the  tube  are  magnetized  in  the  same  direction  before  the  cooling 
of  the  system,  that  the  initial  magnetization  M'  of  the  tube  sur- 
passes that  of  the  core  while  the  current  is  feeble,  but  that  the 
magnetization  M  of  the  core  excels  that  of  the  tube  when  the  in- 
tensity of  the  current  passes  a  certain  limit.  Accordingly  it  is  the 
magnetism  of  the  core  that  will  be  reversed  during  the  cooling,  in 
the  case  of  feeble  currents,  and,  on  the  contrary,  the  magnetism  of 
the  tube  that  has  to  undergo  reA'ersal  in  the  case  of  more  energetic 
currents. 

In  regard  to  the  different  quantitatiA'e  ratios  which  establish 
themselves  between  the  two  magnetisms  M  and  M',  according  as 
the  current  is  more  or  less  intense,  they  are  easily  accounted  for 
by  starting  from  the  principle  laid  down  by  M.  Jamin,  that  the 
current  penetrates  to  a  greater  depth  the  more  energetic  it  is. 

The  experiments  performed  upon  the  tubes  of  5,  |,  and  1  millim. 
thickness  gave  results  entirely  analogous  to  those  which  I  have 
here  described. —  Comptes  Rendus  de  V Academic  des  Sciences,  Oct.  1, 
1877,  tome  Ixxxv.  pp.  615-617. 


ON  THE  DISAGGREGATION  OF  TIN. 

The  observation  has  been  made  before,  that  organ-pipes  after 
long  use  become  brittle  and  fall  to  pieces.  In  a  similar  manner, 
as  stated  by  Oudemans  *,  plates  of  pure  tin,  containing  at  the  most 
only  0-3  per  cent,  of  lead  and  iron,  have,  during  conveyance  by 
railway  from  Rotterdam  to  Moscow  in  severe  cold,  broken  into 
small  fragments  resembling  sulphide  of  molybdenum. 

According  to  a  trustworthy  communication  from  the  Royal  Pyro- 
technic Laboratory  at  Spandau,  a  similar  phenomenon  has  been 
recently  observed.  A  large  quantity  (295  kilograms)  of  tin-plate 
acquired  laminar  exfoliations,  in  w  hich  it  crumbled  into  minute 
particles.  [Similarly,  but  in  a  less  degree,  larger  quantities  (11)50 
kilograms)  of  blocks  of  tin  subsequently  suffered.  The  warehouses 
were  thoroughly  diy  ;  the  tin  contained  merely  traces  of  foreign 
metals,  no  sulphur  or  phosphorus,  and  no  oxide  of  tin.  According 
to  the  account  of  Dr.  Petri,  the  tin  could  be  more  easily  pulverized 
than  filings  of  unaltered  tin,  and  evolved  hydrogen  more  quickly 
with  acid.  Within  the  time  during  which  it  lay  in  the  warehouse 
there  wa,^  no  severe  winter ;  and,  moreover,  the  disaggregation 
continued. 

Prom  all  these  observations  it  appears  probable  that  in  this  dis- 
aggregation the  repeated  little  shocks,  combined  with  frequent 
strong  variations  of  temperature  (for  example,  considerable  refri- 
gerations), essentially  cooperated. — I'oggeudorft"s  Annalen,  1877, 
No.  10  ;  new  series,- vol.  ii.  p.  304. 

*   C/mn  Jahrcsb.  1872.  p.  2.56. 
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ON  THE  EXACT  MEASURE  OF  THE  HEAT  OF  SOLUTION  OF  SUL- 
PHURIC ACID  IN  WATER.       BY  M.  CROULLEBOIS. 

The  heat  produced  l)y  the  mixture  of  monohydrated  sulphuric 
acid  with  variable  (luautities  of  water  has  beeu  alreatly  measured 
by  divers  phyyirists  ;  but  their  results  present  rather  /^reat  diver- 
gences. M.  I'laiuuller  has  recently  resumed  the  investigation  of 
this  question,  and  has  represented  by  a  simple  formula  the  quan- 
tity Q„  of  heat  evolved  by  1  molecule  of  SO^H^  wheii  n  molecules 
of  water  are  added.     The  formula  is 

n  -|-  A 

But  the  work  accomplished  by  ]\[.  Pfaundler,  notwithstanding  the 
progress  realized,  is  still  incomplete ;  for  the  preceding  formula 
does  not  include  the  temperature  at  which  the  determinations  were 
effected.  Now  M.  Kirchhoff  has  shown,  long  since,  that  the 
thermic  effect  is  intimately  connected  with  the  tension  of  the 
vapour  of  water  emitted  by  the  solution,  and  consequently  with 
the  temperature.  Doubtless  it  is  here  that  we  must  seek  the  ex- 
planation of  the  divergent  results.  In  view  of  these  facts  I  shall 
compare  the  numbers  furnished  by  INI.  Pfaundler's  formula  with 
those  which  may  be  deduced  from  the  relation  given  by  M.  Kirch- 
hoff. This  relation  can  be  obtained  in  several  ways,  and  more 
quickly  than  it  was  by  the  illustrious  physicist  in  his  memoir  on 
the  internal  energy  of  bodies.  Here  we  shall  proceed  as  follows  : — 
Consider  two  states,  A  and  B,  of  the  operative  substance.  In 
the  state  A  an  indefinitely  small  quantity  dx  of  water  is  in  presence 
of  the  acid,  at  the  absolute  temperature  t ;  in  the  state  B  the  same 
quantity  is  in  solution  in  the  acid,  at  the  same  temperature.  It  is 
possible  to  pass  from  one  state  to  the  other  by  two  different  paths  : 
either  the  solution  is  effected  directly,  and  the  variation  of  internal 
energy,  npproximatelii  equal  to  the  heat  evolved,  is  (/Q  ;  or  else  the 
two  extreme  states  can  be  joined  by  moving  a  cJui  met  eristic  point 
upon  three  isothermal  Hues. 

1.  The  solution  emits  the  quantity '/.v  of  vapour,  at  tension/; 
the  variation  of  internal  energy  is  d a  =  (l  —  Af(r)d.v. 

2.  This  vapour,  separated  from  the  dissolvant,  is  compressed  at 
the  temperature  t  so  that /becomes  equal  to  F;  the  variation  of 
energy  is  nil. 

3.  After  the  limit  of  saturation  is  attained,  the  compression  is 
continued  till  the  weight  dx  of  vapour  is  brought  back  to  the  liquid 
state;  the  variation  of  energy  is  du'=(L—AFl,)dx. 

I,  L,  /,  F,  A  have  the  usual  significations ;  a  and  2  designate 
respectively  the  difference  between  the  volume  of  the  vapoiu'  and 
that  of  the  liquid  under  the  corresponding  tensions /and  F. 

It  is  known  that  the  variation  of  internal  energy  depends  only 
on  the  initial  and  the  final  state :  we  have  therefore 

I 


dQ  =  du'-d,i='{J}--L\d 
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with  permissible  approximatiou.  To  render  this  expression  calcu- 
lable I  substitute  for  I  and  L  their  values  according  to  Clapeyron's 
formula,  and  obtain 

/        A./l^\  /        ^^^^\ 

f/Q  =  L    1- :^    d.r=Jj    1  -  ifi  -  \clv. 

dt  at 

The  addition  of  a  weight  x — a^^  of  water  \\'\\\  evolve  a  quantit_y  of 
heat  given  by  the  integral 

dt       '  ,  v         (.        •■  .. 

/,  r,  L  are  given  by  the  experiments  of  M.  Reg'nault ;  and  from 

r// '        d^  '    ' 

them  we  deduce   :   and  -~  .     Besides,  if  ci~sff  is  slight,"w^  i-e^dilt 

dt    ,       dt  .    ^     ;  •!       1      ..  ■  ■()  i.oi  p-  /,r 

perceive  that  the  mean  value  of  the  element  (wl^ch  varies /ijv;ith 

X — x^  of  the  integral  is  ob^iouslv  the  mean  of  the  yalues  take'n  by 

the  ratio  —  after  the  addition  of  the  weights  a?,,  and  x^oi  wa.ter.  • 

This  being  admitted,  what  is  the  quantity  of  hfeat  evolved,  for 
example,  when  H.^  0  is  mixed  with  SO^  H^  +  Hg  O  ?  M.  Pfaundler^s 
formula  gives  3048  calories.  M.  Kirchhoif's  relation  gives  the  fol- 
lowing figures : — 

Temperatm-es.  Calories. 

10      ^      4554    , 

>,     ,20      ..  ; 3168   .  . 

21     2887      .,  • 

22     : .    .2648 

24 2420 

M.  Pfaundler's  measure  was  probably  taken  in  the  vicinity  of  20°. 

The  above  Table  shows  the  influence  of  temperature  in  calome- 
tric  determinations  of  this  order,  and  sets  forth  what  is.  wantmg 
for  a  complete  investigation  of  the  question.  However,  M.  Kirch- 
hoff's  relation,  presented  under  the  foregoing  form,  and  conse- 
quently rendered  quickly  calculable,  may  be  considered  sufticient 
until  direct  measurements  are  obtained. — Comi^tes  Bend  us  de  V  Aca- 
demic des  Sciences,  Oct.  1,  1877,  tome  Ixxxv.  pp.  617-619. 
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